The Effects of Fertilizers on the Yield and Composition of Forage Crops With Special Reference to Sodium by Hemingway, R. G
TEE EFFECTS OF FERTILIZERS ON THE YIELD AND COMPOSITION 




A th e s is  subm itted  to  th e  U n iv e rs ity  o f Glasgow f o r  the 
Degree o f Doctor of Philosophy in  the  F acu lty  o f Science.
June, 1958 A g ric u ltu ra l Chemistry Department 
Glasgow U n iv e rs ity .
ProQuest Number: 13850355
All rights reserved
INFORMATION TO ALL USERS 
The qua lity  of this reproduction  is d e p e n d e n t upon the qua lity  of the copy subm itted.
In the unlikely e ve n t that the au tho r did not send a co m p le te  m anuscrip t 
and there are missing pages, these will be no ted . Also, if m ateria l had to be rem oved,
a no te  will ind ica te  the de le tion .
uest
ProQuest 13850355
Published by ProQuest LLC(2019). C opyrigh t of the Dissertation is held by the Author.
All rights reserved.
This work is protected aga inst unauthorized copying under Title 17, United States C o de
M icroform  Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 4 81 06 - 1346
ACKNOWLEDGMENTS
The work desc rib ed  in  th is  th e s is  has been c a r r ie d  o u t in  the 
A g r ic u ltu ra l Chemistry s e c tio n  of the Chemistry Department in  the 
U n iv e rs ity  of Glasgow between 1954 and 1957 under the  su p erv isio n  of 
P ro fe sso r J.M. R obertson, F .R .S . I  should l ik e  to  reco rd  my thanks 
to  him f o r  the  many f a c i l i t i e s  p rov ided .
The in v e s t ig a tio n s  would n o t have been p o ss ib le  w ithou t the 
ready cooperation  and understand ing  of s e v e ra l farm ers who have 
generously  provided s i t e s  f o r  the  f i e l d  experim ents and who have 
undertaken the  necessa ry  c u l t iv a t io n s .
I  am g ra te fu l  a lso  fo r  te c h n ic a l a s s is ta n c e  from Mr A. Rowley 
in  the lay o u t and h a rv e s tin g  o f the  g ra ss  experim ents and to  
Miss M. P e rry  who has typed the  m anuscrip t.
Introduc tion
A n a ly tic a l Methods
Eapid Scheme o f A nalysis























E ffe c ts  o f Sodium and Potassium  C hlorides 168
S a l t  and Superphosphate 170







Y ields and Analyses o f the  Experim ental P lo t s .
-  Tabulated in  S epara te  Appendix.
INTRODUCTION.
There i s  a v e ry  la rg e  l i t e r a t u r e  reg ard in g  the  p o s s ib le  v a lu e  o f 
sodium as a p la n t  n u t r i e n t .  Only however in  th e  case o f a  few crops 
has i t  been shown to  have any c o n s is te n t o r economic v a lu e . Sodium 
tends to  be regarded  as a b e n e f ic ia l  r a th e r  than an e s s e n t ia l  n u t r i e n t .  
The id ea  has long been h e ld , and s t i l l  p e r s i s t s ,  th a t  i t s  a c tio n  on 
p la n ts  i s  in d i r e c t  by v i r tu e  o f i t s  supposed e f f e c t  in  l ib e r a t in g  
potassium  from th e  exchange complex o f the  s o i l ,  thereby  in c re a s in g  
i t s  a v a i l a b i l i ty  to  p la n ts .  Many workers however, ho ld  the view 
th a t  i t  has a d i r e c t  in flu en ce  on the y ie ld  of c e r ta in  crops and 
th a t  tru e  sodium d e fic ien cy  can occur.
In  view of the  s im i la r i ty  between sodium and potassium , much 
work has been done reg ard in g  comparisons of the two elem ents on the  
growth of p la n ts  and a ttem pts  have been made to  c la s s i f y  crops 
accord ing  to  th e i r  responses to  sodium in  r e la t io n  to  t h e i r  need f o r  
potassium . One such c la s s i f i c a t io n  by Harmer and Benne (1945) 
working m ainly on potassium  d e f ic ie n t  p ea t s o i l s ,  bu t in c lu d in g  
r e s u l t s  of o th e r  w orkers, groups crops accord ing  to  th e i r  responses 
to  s a l t  a t  d i f f e r e n t  potassium  le v e ls .  O m itting veg etab le  crops 
of minor im portance, th e i r  conclusions were as fo llo w s:
A. B enefit from sodium when potassium  i s  d e f ic ie n t .
1. L i t t l e  o r none. M aize, P o ta to , Rye.
2. S lig h t to  medium. B arley , B ro cco li, B russel Sprou ts,
C arro t, C otton, F lax , M ille t ,  O ats, P eas, Tomato 
and Wheat.
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B. B en e fit from sodium when potassium  i s  s u f f i c i e n t .
1 . S lig h t to  medium. Cabbage) K ale, M ustard) Rape.
2* Large. Mangolds, Sugar B eet, Fodder B eet,
Table B eet, C elery and T urnips.
They concluded th a t  crops would respond to  sodium i f  they  had 
n a tu r a l ly  (a )  a high sodium co n ten t, o r (b) a narrow  ^a /K r a t i o ,  
wide r a t io s  in d ic a tin g  no response .
Lehr (l953)> as a  r e s u l t  o f com parative experim ents w ith  sodium, 
potassium  and calcium  n i t r a t e s ,  grouped crops accord ing  to  th e i r  
c ap a c ity  to  absorb sodium in  replacem ent of potassium .
A. Large replacem ent o f potassiiun by sodium.
1. Large b e n e f i t  from sodium. Fodder B eet, Sugar
B eet, Mangolds, Table B eet, Spinach.
2. Sm aller b e n e f i t  from sodium. Cabbage, C otton,
K ale, O ats, T urnips.
B. Sm aller replacem ent of potassium  by sodium.
L i t t l e  b e n e f i t  from codium. B arley , F lax ,
G rass, M il le t ,  Wheat, Rape.
C. L i t t l e  replacem ent of potassium  by sodium.
No b e n e f it  from sodium. M aize, Rye.
Comparable review s d if f e r in g  only in  d e ta i l  have been pu t forward 
by Truog e t  a l  (1953), Kennedy e t  a l  (1953) Larson and P ie r re  (1953) 
and o th e rs .
Although produced from d if f e r e n t  p o in ts  o f view and from both
f i e l d  and p o t experim ents, th ese  groupings a re  e s s e n t ia l ly  s im ila r*
A range of c rops, ( th e  Chenopodjacea) in c lu d in g  sugar and fodder b eets  
and mangolds respond w ell to  sodium and have been ex ten s iv e ly  s tu d ie d . 
Some, such as ry e , p o ta to e s  and m aize, f a i l  to  show any y ie ld  
increm ent from sodium.. A very wide range -  in c lu d in g  the B rass ica  
fam ily  and perhaps the c e re a l  crops -  may perhaps be in c reased  in  
y ie ld  by sodium under p a r t i c u la r  c ircum stances.
Boyd, G am er and Haines (1957) have re c e n tly  summarized th e  
r e s u l t s  o f a comprehensive s e r ie s  o f over 200 f i e ld  experim ents in  
B r ita in  to  in v e s t ig a te  th e  value of s a l t  as a f e r t i l i z e r  f o r  sugar 
b e e t. S a l t  a t  5 owt. p e r a c re  c o n s is te n tly  in c reased  th e  sugar 
y ie ld  by a s im ila r  f ig u r e .  The sodium could p a r t i a l l y  o r w holly 
re p la ce  potassium  and y ie ld  increm ents ob ta ined  from s a l t  were 
g re a te r  and le s s  v a r ia b le  from y ear to  y ear than from potassium  
ch loride*  There were la rg e  n eg a tiv e  in te ra c t io n s  fo r  sugar y ie ld s  
between s a l t  and potassium  c h lo r id e . S o il a n a ly s is  f o r  re a d ily  
so lu b le  potassium  p re d ic ted  the p o s s ib i l i ty  of a response to  s a l t  
in  the same manner as i t  did fo r  potassium  c h lo r id e . Hie re s ig n se s  
to  s a l t  were s im ila r  in  a l l  s o i l s  except those from the fe n s , where 
sm aller re tu rn s  were ob ta ined . The e x tra  response from potassium  
ch lo rid e  when s a l t  was a lso  ap p lied  was sc a rc e ly  enough to  repay i t s  
c o s t , bu t s a l t  in c reased  y ie ld s  very p ro f i ta b ly  even when the supply 
of potassium  in  the s o i l  was good. A nalysis of the  crop (unpublished) 
in d ic a ted  th a t  s a l t  d id  n o t in c rease  the potassium  up take, indeed,
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over a p e rio d  of 5 years  th e re  was a s l ig h t  tendency f o r  i t  to  he 
reduced.
There has n o t been the  same urgency in  C o n tinen ta l experim ents 
reg ard in g  th e  use of s a l t  f o r  sugar b e e t ,  b u t th e  va lue  of the s a l t  
in  the  h igh  p ro p o rtio n  of low grade potassium  f e r t i l i z e r s  used i s  w ell 
ap p re c ia te d . There i s  thus w id e -sca le  re c o g n itio n  of th e  va lue  of 
sodium as a n u tr ie n t  fo r  sugar b ee t and ex ten siv e  propaganda fo r  i t s  
u se . H ale, Watson and H ull (1946) and W allace ( l9 5 l )  have d escribed  
symptoms regarded  as tru e  sodium d e fic ie n c y .
Although the  pub lished  work i s  n o t so voluminous as f o r  sugar 
b e e t, i t  i s  g e n e ra lly  accep ted  th a t  sodium i s  of equal va lue  f o r  
mangolds and fodder b ee t and a p p lic a tio n s  of s a l t  a re  g iven  as 
ro u tin e  p rocedure . For example, Crcwther and Benzian (1945) rep o rted  
th a t  sodium n i t r a t e  was 47/^ b e t t e r  than ammonium su lp h a te  supplying 
equal n itro g e n  fo r  mangolds, and the c la s s ic a l  mangold experim ent on 
B a m fie ld , Rothamsted shows c o n s is te n t increm ents from sodium.
A part from the above, the only o th e r crop f o r  which th e re  i s  
conclusive in fo rm ation  th a t  sodium may be of use g e n e ra lly  from an 
economic p o in t of view i s  c o tto n . H olt and Volk (l945)» bunt and 
Nelson (l950)» L ancaster e t  a l  (1953)i Cooper e t  a l  (1953)» Appling 
and Giddens (1954)> Eaton (1955)> Giddens e t  a l  ( 1956) have a l l  
re p o rted  th a t  co tto n  responds to  sodium when potassium  i s  d e f ic ie n t .  
A ll conclude th a t  a p a r t i a l  s u b s t i tu t io n  of sodium f o r  potassium  up 
to  about 50io was p o s s ib le , bu t i t  i s  no t known by the  au th o r whether
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or n o t the  p ra c t ic e  i s  wide sp read . L an caste r e t  a l  (1955) d id  
however p o in t out th a t  in  f iv e  experim ents, where th e re  were 
s ig n if ic a n t  responses to  potassium , th a t  fo u r  o f them a lso  responded 
s ig n i f ic a n t ly  to  s a l t .
Almost every o th e r a g r ic u l tu r a l  and h o r t i c u l tu r a l  crop has been 
in v e s t ig a te d  f o r  response to  sodium and claim s have been made e i th e r  
th a t  in c re a se s  in  y ie ld  have been ob ta ined  o r th a t  potassium  
d e fic ien cy  symptoms have been reduced in  d i f f e r in g  circum stances. 
V ir tu a l ly  a l l  the  work has been concerned w ith  s u b s t i tu t io n  o f sodium 
ch lo rid e  f o r  potassium  ch lo rid e  o r in  the comparison of sodium and 
calcium  n i t r a t e s .  F requen tly  the work has only been done in  p o t or 
w ater c u ltu re  and many of the experim ents have n o t been rep ea ted  under 
f i e l d  co n d itio n s .
In  a d d itio n  to  the  responses a lread y  quoted, lucerne  has,been  
s tu d ied  by V/allace e t  a l  (l948)» York e t  a l  .(1953) and Truog e t  a l  (1953) 
and responses ob ta ined . Various c lo v ers  have been in v e s t ig a te d  by 
M arshall (l944)> Cope e t  a l  (1953) and Lehr and Bussink (1954) and. 
more re c e n tly  by Whehunt e t  a l  (1957)*
Oats have been shown responsive  by Bower and P ie r r e  (1 9 4 4 ),
Cope e t  a l  (1953)9 Larson and P ie r r e  (l953)> Cooper e t  a l  (1953)»
Truog e t  a l  (l953)» Whehunt e t  a l  (1953)» Lehr and Bussink (1954) and 
Giddens e t  a l  (1956) .  F lax  gave in c reased  y ie ld s  w ith sodium as 
rep o rted  by Molchanov and D m itrieva (1936), M ilnthorpe (l943)> Bower 
and P ie r re  (1944) and Lehr and Wyhenga (1955)* Barley has long been
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repu ted  to  respond to  s a l t  e sp e c ia l ly  on potassium  d e f ic ie n t  chalk  
s o i l s  in  sou thern  England, and Truog e t  a l  (1953) have shown sm all 
y ie ld  increm en ts. Kibe e t  a l  (1953) found in c reased  y ie ld s  of 
wheat in  po t experim ents and sodium su lp h a te  c o n s is te n tly  in c re a se s  
the y ie ld  on Broadbalk F ie ld , Rothamsted.
Amongst a wide v a r ie ty  of o th e r crops responding  to  sodium a re  
c a r ro ts  (Cooper e t  a l  (1953)* Truog e t  a l  (1953)] 1 tobacco 
[Verona (l95 l)>  Lehr and Bussink (1954) and McEvoy (1955)3 * an<i 
p o ta to es  [Verona & Benvenuti (1953)* Lehr and Bussink (l954)J •
These examples a re  by no means exhaustive  and the  l i t e r a t u r e  
i s  ex ten s iv e . The f in d in g s  have n o t in  g en era l been tr a n s la te d  
in to  a g r ic u l tu r a l  p ra c t ic e  as the e f fe c ts  have u su a lly  been sm all 
o r absen t in  the presence of a reasonab le  potassium  supply .
Work w ith  sodium has n o t been e n t i r e ly  confined to  determ ining 
i t s  e f f e c t  r e la t iv e  to  potassium . Some in v e s t ig a to r s  have been 
concerned w ith i t s  in flu en ce  on s o i l  and p la n t phosphorus. As long 
ago as 1906 Wheeler & H artw ell rep o rte d  th a t  sodium s a l t s  in c reased  
the  phosphorus con ten ts  o f a v a r ie ty  of crops. C ollings (1954) says
th a t ,  " th e re  i s  r a th e r  g en era l agreement th a t  sodium i s  v a lu ab le  .........
to  m ain tain  a high degree of a v a i l a b i l i ty  of phosphorus ...........  and
th e re  appears to  be some evidence th a t  sodium in  the  s o i l  may in c rease  
the  a v a i l a b i l i ty  of phosphorus th a t  i s  t ie d  up in  in so lu b le  form”. 
There have however been few c o n tro lle d  experim ents to  ju s i fy  th i s .
H e rb e r t( l9 5 l)  found th a t  sodium n i t r a t e  e x tra c te d  th re e  times
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as much phosphorus from s o i l s  than d id  oaloium n i t r a t e .  Using th e  
same s a l t s  a t  co n cen tra tio n s  eq u iv a len t to  the n i t r a t e  le v e l  in  
22 Dutch s o i l s ,  Lehr and Wesemael (1952) re p o rte d  th a t  sodium n i t r a t e  
was su p e r io r  to  the  ex ten t o f 80 -  9Qfe and th a t  sodium s a lt s  leaohed 
through th e  s o i l s  m aintained a g re a te r  and move prolonged re le a s e  o f  
phosphorus than d id  calcium  s a l t s .  In subsequent Neubauer te s t s  
(1956) they have found th a t  phosphorus s o lu b i l i ty  was &4a/v g re a te r  
and phosphorus uptake 45fX h ig h e r i f  calcium  n i t r a t e  was rep laced  w ith  
sodium n i t r a t e .  Tobia and Milad (1954) found th a t  sodium and 
potassium  carbonates ap p lied  to  Egyptian a lk a l i  s o i l s  in c reased  the  
co n cen tra tio n  of w ater so lu b le  phosphorus whereas calcium  and 
magnesium s a l t s  depressed i t .
Kibe e t  a l  (1953) showed th a t  the a v a ila b le  phosphorus in  po t 
experim ents w ith wheat was in c reased  by an a p p lic a tio n  o f 0*2$ 
sodium c h lo rid e . On the  o th e r hand, Soharrer and Schreiber (1944) 
had found th a t  sodium ch lo rid e  reduced the  uptake of phosphorus by 
rye  seed lin g s  during  e a r ly  growth and Mclvoy (1955) showed th a t  both 
sodium and potassium  depressed phosphorus uptake in  tobacco. M arshall 
and S tu rg is  (1953) in d ic a te  th a t  when sodium n i t r a t e  i s  the  b e s t  
n itro g en  f e r t i l i z e r  fo r  co tto n  th a t  the  s o i l  i s  f re q u e n tly  low in  
phosphorus. More re c e n tly  liicho lson  and Hooper (1957) have 
suggested th a t  the  s u p e r io r i ty  o f sodium or potassium  n itr a te $ o v e r  
o th e r n itro g en  f e r t i l i z e r s  fo r  cabbage may be due to  t h e i r  e f fe c t  
on s o i l  phosphorus.
Way and N elson (1954) in h ib i te d  th e  fo rm ation  o f c i t r a t e  in so lu b le  
phosphorus in  NP and NPK f e r t i l i z e r s  by th e  a d d itio n  o f 1$ sodium 
c h lo rid e  to  th e  phosphate rock p r io r  to  a o id u la tio n . Hamamato & 
Kawasaki (1956) by trea tm en t o f rock  phosphate w ith  sodium ch lo rid e  
and steam  produced a f e r t i l i z e r  as e f fe c t iv e  fo r  r i c e  as superphosphate. 
Butseroga (1954) found th a t  sodium c h lo rid e  ap p lied  to  w in te r  wheat 
and sugar b ee t c rea ted  co n d itio n s  whereby p h osphorite  meal became 
eq u iv a len t to  superphosphate as a source of phosphorus. Andrews (1948) 
has p u t forw ard th e  view th a t  sodium a d d itio n s  may lead  to  the  
form ation  of sodium f lu o r id e  which i s  leached from the s o i l ,  thus 
reducing  the c re a tio n  of calcium  f lu o r id e  -  co n ta in in g  a p a t i te s  o f 
low a v a i l a b i l i ty .
The re c en t observations of Boyd e t  a l  (1957) who dem onstrated 
the  presence of s u b s ta n t ia l  n eg a tiv e  in tera£ tions between sodium and 
phosphorus, and sodium, potassium  and phosphorus in  a comprehensive 
s e r ie s  o f B r i t i s h  sugar b e e t experim ents which "were too freq u en t 
to  be igno red", g ive added p r a c t ic a l  support to  the  evidence th a t 
sodium may in c re ase  the  e ff ic ie n c y  of phosphorus u t i l i s a t i o n .
With the  exception  of the work w ith  sugar b e e t, th e re  has been 
no re p o rte d  work regard ing  the  use of sodium on a g r ic u l tu r a l  crops 
in  B rita in  in  re c e n t y e a rs . U n til th e  l a s t  war, sodium n i t r a t e  
supplied  sodium in  ap p rec iab le  q u a n t i t ie s .  I t s  alm ost complete 
replacem ent by sy n th e tic  n itro g en  f e r t i l i z e r s  now makes the 
a p p lic a tio n  of sodium as the n i t r a t e  o r c h lo rid e  a d e lib e ra te  p o lic y
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r a th e r  than an a c c id e n ta l  occurence. Surveys o f f e r t i l i z e r  
p ra c t ic e  show th a t  s a l t  i s  used m ainly on sugar and fo dder b ee ts  
and mangolds, -  more re c e n tly  as a  c o n s ti tu e n t o f compound 
f e r t i l i z e r s ,  and th a t  i t  i s  o c ca s io n a lly  used on o th e r crops 
such as b a r le y , o a ts  and g ra s s la n d . I t  i s  w idely rep u ted  to  be 
d e trim en ta l to  p o ta to e s  in  view of th e  i1 1 -e f f e c t  o f c h lo r id e .
One o b je c t of th i s  p re se n t th e s is  has been to  examine the  
e f fe c ts  o f sodium ch lo rid e  on th re e  a g r ic u l tu r a l  crops of major 
im portance, tu rn ip s ,  k a le  and g ra s s la n d . A ll the work has been 
done under f i e l d  c o n d itio n s .
These th re e  crops have been chosen f o r  a number o f reaso n s .
In  the f i r s t  p la c e , two a re  B rassica  crops and e a r l i e r  work has 
shown th a t  as a  fam ily  they may respond to  sodium under s f tita b le  
co n d itio n s . Secondly, ka le  and g rass lan d  make excessive  demands 
f o r  s o i l  potassium  and sodium might perhaps u s e fu lly  re p la ce  
some of th is  need. T h ird ly , the suggestions th a t  sodium may have 
a b e n e f ic ia l  in flu en ce  on phosphorus uptake by p la n ts  can perhaps 
b e s t be in v e s t ig a te d  fu r th e r  in  tu rn ip s .
The second, and major o b je c t of th is  work has been to  examine 
the e f f e c t  of s a l t  on the  m ineral com position of these  c rops, namely 
the sodium, potassium , calcium , magnesium and phosphorus up takes.
S a lt  has th e re fo re  no t been used in  is o la t io n  in  the  f i e ld  experiments 
bu t always in  a s so c ia tio n  w ith vary ing  le v e ls  of n itro g en , phosphorus
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and potassium  and under d i f f e r in g  co n d itio n s  o f s o i l  f e r t i l i t y .  In  
two o f the g ra ss  experim ents magnesium was a lso  ap p lie d  in  con junction  
w ith  s a l t .
There i s  v i r t u a l ly  a complete absence of d a ta  in  th is  country  
reg ard in g  the  sodium con ten t of these  and o th e r  crops and o f th e  
in flu en ce  of in c reased  sodium in tak e  on the  le v e l  o f o th e r m ineral 
e lem ents. E qually  the e f f e c t  of added n itro g e n , phosphorus and 
potassium  when given in  a s so c ia tio n  w ith sodium i s  n o t known. As 
sodium i s  absorbed e a s i ly  by p la n ts ,  th e re  might be expected to  be a 
number o f im portan t ion  antagonisms as i s  the case fo r  example 
between potassium  and calcium ,and potassium  and magnesium.
F in a lly ,  the experim ents w ith  k a le  in c id e n ta l ly  p rov ide 
in fo rm ation  reg ard in g  the e f f e c t s  of phosphatic  and p o ta s s ic  
f e r t i l i z e r s  on y ie ld  and m ineral com position. So f a r  as can be 
a sc e r ta in e d , th e re  a re  no pub lished  d a ta  on th ese  a sp ec ts  of k a le  
n u t r i t io n  although the  e f fe c ts  o f n itro g en  on y ie ld  and p ro te in  
con ten t have fre q u e n tly  been recorded .
EFFECTS OF SODIUM Oh THE UPTAKE OF OTHER CATIONS.
(a.) Potassium .
Opinion seems to  be equally  d iv ided  as to  whether sodium 
a p p lic a tio n s  in c rease  o r decrease the potassium  uptake of p la n ts .
Any e f fe c ts  which have been observed have always been sm all. For
XI
example, some workers who have found th a t  sodium promotes in c reased  
p la n t potassium  le v e ls ,  a re  M arshall (1944) fo r  h lue g ra ss  and c lo v e r , 
Cooper e t  a l  (1953) a wide v a r ie ty  o f c ro p s, Appling and 
Giddens (1954) fo r  co tto n  and more re c e n tly  Whehunt e t  a l  (1957) ^or 
c lo v e r . On the o th e r hand red u c tio n s  in  the potassium  co n ten t of 
p la n ts  consequent upon sodium a p p lic a tio n s  have been observed, fo r  
example by H artw ell and Dawson (1919) w ith a v a r ie ty  of crops,
W allace e t  a l  (1948) and York (1949) w ith lu c e rn e , Larson & P ie r re  
(1953) w ith  o a ts  and L ancaster e t  a l  (1953) and Eaton (1955) w ith  
c o tto n .
Chambers (1953) has a t t r ib u te d  th e  consisten tly  h ig h e r y ie ld s  of 
the  continuous Broadbalk wheat experim ent on the  p lo ts  re c e iv in g  annual 
d re ss in g s  of sodium su lp h a te  to  the  in c reased  potassium  co n cen tra tio n  
in  the straw  r e s u l t in g  from the sodium a p p lic a t io n s , bu t even in  such 
extreme circum stances the d if fe re n c e  in  mean potassium  con ten ts  of 
the  straw  i s  le s s  than  0*2^ over th e  many years  f o r  which the  
experim ent has been conducted,
(b) Calcium and Magnesium,
I t  i s  g e n e ra lly  accep ted  th a t  the  in c reased  potassium  con ten t 
of crops r e s u l t in g  from a p p lic a tio n s  of potassium  s a l t s  have 
depressive  e f fe c ts  on calcium  and magnesium u p tak es . There have been 
very  few in v e s t ig a tio n s  as to the  p o s s ib i l i t y  o f s im ila r  e f fe c ts  when 
sodium rep laces  potassium  as a s o i l  amendment. Cooper and Garman 
(1942) and L ancaster e t a l  (1953) have found th a t  sodium reduced
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calcium  uptake in  co tto n  and thought th is  b e n e f ic ia l  in  th a t  i t  
c rea ted  a more favou rab le  ~  or 
have l a t e r  re p o rted  the  p o s s ib i l i ty  o f a  sm all decrease in  magnesium. 
Larson & P ie r r e  (1953) re p o rte d  red u c tio n s  in  both  calcium  and 
magnesium le v e ls  in  o a ts  r e s u l t in g  from sodium and potassium  
a p p lic a t io n s . Cope e t  a l  ( 1954) thought sodium and potassium  had 
roughly  equal c a p a c itie s  fo r  reducing calcium  and magnesium le v e ls  in  
a v a r ie ty  o f c ro p s, b u t Chang and Drenge (1955) working on s o i l s  
co n ta in in g  35^ exchangeable sodium suggested  th a t  sodium was o f 
g e a te r  impact in  th is  re s p e c t .  Lehr and Wybenga (1955) have re c e n tly  
a sso c ia te d  the  drooping o f f la x  heads a t  high sodium and potassium  
le v e ls  w ith  calcium  d e fic ien cy  (o r a l t e r n a t iv e ly ,  p h y s io lo g ic a l d rough t). 
R e itb erg  (1954) a t t r ib u te d  sugar b ee t f a i lu r e  a f t e r  sea  w ater flo o d in g  
to  th e  fo u r - fo ld  in c re a se  in  sodium in  th e  p la n t inducing  calcium  
d e fic ien c y .
Hale e t  a l  ( 1946) have re p o rted  the  p o s s ib i l i ty  o f sa lt- in d u c e d  
magnesium d e fic ien cy  in  sugar b ee t and McKvoy (1955) has re c e n tly  
rep o rted  red u c tio n s  in  both  calcium  and magnesium le v e ls  in  tobacco 
r e s u l t in g  from the a d d itio n  of sodium to  w ater c u l tu re s .
The absence of fu r th e r  re fe re n ce s  compared to  th e  most ex tensive  
potassium/magnesium b ib lio g rap h y  i s  in d ic a tiv e  of th e  f a c t  th a t  few 
workers have estim ated  elem ents o th e r than sodium and potassium  in  
experiments invo lv ing  s a l t  o r sodium n i t r a t e .
b a lan ce . Cooper e t  a l  (1953)
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ANALYTICAL METHODS.
The main s e r ie s  of experim ents have produced some 1>500 samples 
f o r  a n a ly s is  fo r  sodium, potassium , oaloium , magnesium and phosphorus. 
I t  has been necessa ry  to  dev ise  and adap t s u i ta b le  methods to  enable 
q u an ta tiv e  determ inations to  be c a r r ie d  out both ra p id ly  end w ith  
reasonable  degrees of accuracy . For such purposes, volum etric  and 
g rav im e tric  methods a re  g e n e ra lly  q u ite  u n s a tis fa c to ry  in  view of 
th e i r  len g th  and the la rg e  number of sep a ra te  o p era tio n s  involved .
A ll an a ly ses have th e re fo re  been perform ed by e i th e r  flame photom etric 
o r c o lo rim e tr ic  methods.
ASHING PROCEDURE.
lg . samples o f oven d rie d  p la n t m a te ria l have been ashed in  
s i l i c a  c ru c ib le s  a t  450 -  500° C fo r  se v e ra l hou rs . At th is  
tem perature no lo ss  of m ineral m a tte r occurs, bu t overheating  must 
be avoided. A fte r co o lin g , the ash i s  s l ig h t ly  m oistened w ith w ater 
and 1 ml. o f concen tra ted  h y d ro ch lo ric  a c id  added. The p re lim in ary  
a d d itio n  of w ater i s  to  p reven t some sm all lo ss  o f the f in e ,  dry 
ash which may occur due to  the vigorous re a c tio n  between the  a c id  
and some carb o n ate -co n ta in in g  a sh es . A fte r evaporation  to  dryness 
and removal of the  hyd roch lo ric  a c id , the ash i s  d isso lv ed  in  warm 
w ater and f i l t e r e d  in to  100 ml. s tandard  f la s k s .  Complete so lu tio n  
can only be acheived by thorough rubbing of the  c ru c ib le  with a, 
g lass  rod , and in  th is  re sp ec t new s i l i c a  c ru c ib le s  a re  much to  be 
p re fe rre d  to  o ld e r ones w ith s l ig h t ly  roughened in te r io r  su rfa c e s .
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FLAME PHOTOMETRIC DETERMINATION OF SOPIIM, POTASSIUM
AND CALCIUM.
The EEL flame photom eter (Evans E le c tro  selenium  L td .)  
described  by C o llin s  and Polk inhorne (1952) has been used th roughout. 
In  th is  in s tru m en t, sm all q u a n ti t ie s  (about 2 m l.)  o f so lu tio n s  
co n ta in in g  the  elem ents a re  atom ised in to  a co al g a s /a i r  flam e.
The l ig h t  em itted  a f t e r  passage through s u i ta b le  in te r fe re n c e  f i l t e r s  
f a l l s  onto a b a r r ie r  la y e r  p h o to c e ll which i s  connected through a 
p o ten tio m ete r to  a tau t-su sp en s io n  galvanom eter. The galvanom eter 
d e f le c tio n  i s  follow ed by means of a r e f le c te d  l ig h t  spo t which 
f a l l s  onto a sca le  c a l ib ra te d  from 0 to  100 over a  len g th  of about 
5 in s .
When used a t  i t s  g re a te s t  s e n s i t iv i ty  the  in strum en t has a 
working range of from 0 to  5 ppm Na, 0 -  10 ppm K and 0 -  50 PPm Oa. 
The coal gas/com pressed a i r  flame r e s u l t s  in  lower mutual in te r fe re n c e  
e f fe c ts  between a lk a l i  m etals than  would be experienced w ith , fo r  
example,, an oxy-acety lene b u rner. However, i t  may be more 
su sc e p tib le  to  reduced em ission in  the presence of some an ions, 
p a r t ic u la r ly  phosphate. T ypical f i l t e r  curves (supp lied  by Evans 
E lec tro  selenium  L td .)  a re  shown in  f i g .  1. Potassium  i s  obviously  
w ell sep ara ted  from th e  o th e r two, b u t th e re  i s  some p o s s ib i l i ty  of 
mutual in te rfe re n c e  between sodium and calcium a t  p a r t ic u la r  
co n ce n tra tio n s•
The instrum ent i s  sim ple in  op era tio n  and capable of rap id  u se , 
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prepared, by sp ray ing  d i s t i l l e d  w ater (o r  an a p p ro p ria te  '’b lan k 1* s o lu t io n )  
to  g ive a  read in g  of 0 and the  h ig h e s t  c o n ce n tra tio n , say  10 ppm X, to  
g ive  a read in g  o f 100 w ith th e  a p p ro p ria te  f i l t e r  in  p o s itio n *  
In te rm ed ia te  p o in ts  a re  ob ta ined  u s in g  s u i ta b le  d i lu t io n s  and the  
c a l ib ra t io n  curves produced a re  alm ost l in e a r ,  being  s im ila r  in  shape fo r  
a l l  th ree  elem ents (Fig* 2 . ) .
A. CATICHIC MTE3FEREHC3
In v e s tig a t io n s  have been made to  determ ine th e  mutual in te r f e r in g  
e f fe c ts  o f sodium, potassium  and calcium  when p re se n t in  so lu tio n  
in  vary ing  amounts (Table 1 . ) .  The sodium and potassium  so lu tio n s  were 
prepared  from th e i r  r e c r y s ta l l i s e d  c h lo r id e s . Well washed calcium  
carbonate d isso lv ed  in  th e  minimum volume of h y d ro ch lo ric  a c id  was used 
to  p repare  th e  calcium  stan d a rd . In  each case , s to ck  so lu tio n s  of 
1000 ppm were p repared  and the  ap p ro p ria te  d i lu t io n  ob ta ined .
Table 1 . Cation In te rfe re n c e
*?o E rro rs in  Measurement.
In te r f e r in g  Ion Ha K C£
ppm 2.5 ppm 5 ppm 25
Ha 5 - 0 0
25 - 0 +1
100 - 0 +9
X ‘ 5 0 * 0
25 0 - 0
100 0 - 0
Ca 5 +1 0 -
25 +5 0 -
100 +12 0 -
HH,4 1000 0 0 0
Potassium  may thus he determ ined a c c u ra te ly  w ithout in te r fe re n c e  
from e i th e r  sodium o r calcium  a t  a l l  c o n cen tra tio n s . E qually , 
potassium  does n o t in  any way modify the  tru e  response o f the instrum en t 
to  sodium o r calcium .
On the  o th e r hand, calcium  and sodium a re  su b je c t to  mutual 
re in forcem ent in  the  flam e due to  th e  in h e re n t i n a b i l i t y  o f the  l ig h t  
f i l t e r s  to  exclude unwanted l ig h t  e n t i r e ly .  Taken over the  whole 
range, the  e rro rs  a re  la rg e , b u t when considered  in  r e la t io n  to  the 
more r e s t r i c t e d  r a t i o  o f calcium  to  sodium in  p la n t  m a te r ia l ,  they  
a re  q u ite  sm all.
P la n ts  co n ta in  considerab ly  more calcium  than sodium, ty p ic a l  
^  r a t io s  be ing  fo r  a v a r ie ty  o f c rops, c e re a l g ra in  2, c e re a l  s traw  10, 
tu rn ip  tops 8, tu rn ip  ro o ts  3» g ra ss  3> c lo v e r 10, k a le  le a f  7» k a le  
stem 3.
I t  can thus be taken th a t  calcium  de term ina tion  may be made 
w ithout the  r i s k  o f in te r fe re n c e  from sodium, which would only cause 
an e rro r  of +1$ even i f  p re se n t in  equal co n cen tra tio n  to  t h a t  of 
calcium . There a re  however o th e r f a c to rs  which in te r f e r e  w ith  the 
determ ination  of calcium  which a re  d iscussed  l a t e r .
In  the determ ination  of sodium, however, account should be taken
Caof the  presence of calcium . At a ^  r a t io  o f 2, the e r ro r  i s  +1% 
in c re as in g  to  +5$ a t  a r a t i o  of 10. The most convenient method 
of making allow ance fo r  th is  i s  to  in c lu d e  the a p p ro p ria te  amount of 
calcium in  the sodium so lu tio n  used to  p repare  the s tan d ard  curve.
Table 2 in d ic a te s  th a t  the e f fe c t  of a given calcium  ad d itio n  i s  constan t
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over th e  whole range of sodium and th a t  the c a l ib ra t io n  curves produced 
a re  id e n t ic a l .  Thus, by s e t t in g  the  in stru m en t a t  0 w ith  th e  
ap p ro p ria te  calcium  co n cen tra tio n  to  be expected and a t  100 w ith  a 
s im ila r  co n cen tra tio n  p lu s  5 PPm Na, th e  same curve may be used 
throughout •
Table 2. E ffe c t o f Calcium A ddition  to  th e
Sodium C a lib ra tio n Curve
■ ppm Flame Photom eter Readings Ca. added, ppm.
0 5 25 100
0 0* 0* °* 0*
1 22*5 23*0 23-0 23*5
2 44-0 43-5 44*0 44*5’
3 64*0 64*0 63*5 64*0
4 82*0 81*5 82*5 82*0
5 100s! 100* 100* 100*
Fixed instrum ent s e t t in g s  a f t e r  ad justm ent f o r  each v e r t i c a l  
s e r ie s .
Experience showed th a t in  any p a r t i c u la r  f i e l d  experim ent w ith
'V ' v-
e i th e r  k a le , tu rn ip s  o r g rass  th a t  the  amount of calcium  in  the  p la n t 
m a te ria l was very  uniform from p lo t  to  p lo t .  For example, Table 3 
shows the  extreme range of calcium con ten ts  found in  the f i r s t  th ree  
kale  experiments each of which co n sis ted  of 54 p lo ts  w ith d if f e r e n t  
f e r t i l i z e r  tre a tm en ts . The g re a t m a jo rity  of samples were very c lo se ly
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grouped around th e i r  re s p e c tiv e  means.,
Table Jo Range of Calcium Contents Found in  Each















I t  proved e n t i r e ly  s a t i s f a c to r y  to  add the  a p p ro p ria te  
predeterm ined amount of calcium  corresponding to  the  mean calcium  
le v e l  of a l l  the p lo ts  in  each se p a ra te  experim ent to  the sodium 
so lu tio n s  used to  s e t  the flam e photom eter c o r re c t ly ,  thus avoid ing  
the  n e c e s s ity  of a sep a ra te  c a l ib ra t io n  fo r  each sodium d e term ina tion .
B. MIONIC PJTERFERMCE
1. Sodium and Potassium
C ollin s  and Polk inhom e (1952) have shown th a t  very  h igh  
co n cen tra tio n s  of anions a re  needed in  o rder to  produce in te rfe re n c e  
in  determ inations of sodium and potassium . T heir r e s u l t s  a re  quoted 
in  Table 4 .
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Table 4* L im iting  Anionic C oncen tra tions f o r
Zero In te r f e re n c e .
In te r f e r in g  Ion
L im iting  conc. 
10 ppm Na












These q u a n ti t ie s  a re  obviously  so very  much g re a te r  than the  
amounts p re se n t in  p la n t  m a te ria l th a t  th e i r  e f f e c t  on th e  accuracy 
of sodium and potassium  de term ina tions can be igno red .
2. Calcium
The EEL flam e photom eter has the  veiy  se r io u s  drawback in  th a t  
the  calcium  em ission i s  reduced in  th e  presence of c e r ta in  an io n s.
In  measuring calcium  a t  a co n cen tra tio n  of 50 ppm, ch lo rid e  and 
n i t r a t e  ions added as t h e i r  re sp e c tiv e  ac id s  showed no depressive  
e f f e c t  u n t i l  th e i r  s tre n g th  reached about 0*1 N and su lp h ate  d id  no t 
reduce the calcium  em ission u n t i l  p re sen t a t  0*05 N. These q u a n ti t ie s  
a re  so very  la rg e  in  r e la t io n  to  50 PP*11 o f calcium  th a t  t h e i r  p o ss ib le  
e f fe c t  in  the  a n a ly s is  of p la n t m a te r ia l i s  n o th ing .
There i s  however, very se rio u s  in te r fe re n c e  to  th e  calcium  
em ission from phosphate in  s o lu t io n . Table 5 shows the  marked 
depressive  e f f e c t  of even tra c e s  of phosphorus. Phosphorus was added 
to  so lu tio n s  con ta in ing  50 PPm of calcium  as ammonium phosphate as 
the ammonium ion  i s  q u ite  w ithout e f f e c t  on the calcium  em ission (see 
Table 1 ,) .
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Table 5*
In te rfe re n c e  E f fe c t of Phosphate on th e  D eterm ination  o f 50 PP*11 o f  Calcium.
Phosphate Added ppm P . 0 5 10
In te rfe re n c e  $  0 -14 -32
This lo s s  in  em ission i s  due to  the  form ation  of calcium  phosphate
which i s  n o t ex c ited  to  any degree in  the  coal g a s / a i r  flam e. The 
in te r fe re n c e  i s  n o t so severe  in  flame photom eters which burn ace ty len e  
o r o th e r h igh  tem perature flam es and in  such in strum en ts  the  phosphate 
in te r fe re n c e  ra p id ly  reaches a s teady  maximum. In  th ese  case s , excess 
o f phosphate can be added to  the  s o lu tio n s  under t e s t  in  such 
q u a n tity  th a t  fu r th e r  sm all a d d itio n s  from th e  p la n t m a te ria l would 
cause no fu r th e r  in te r fe re n c e . B realey e t  a l  (1952), S h arrer and 
Jung (1954) a^d Leyton (l954)> fo r  example, have described  s u ita b le  
methods fo r  a v a r ie ty  of flame photom eters burn ing  a ce ty le n e . This 
approach cannot be used f o r  th e  EEL in strum ent as the in te rfe re n c e  
due to  phosphate does no t reach a s teady  maximum. I t  i s  changing 
ra p id ly  over the  normal calcium /phosphorus r a t io s  found in  p la n ts  and 
la rg e  a d d itio n s  of phosphate would cause too g re a t a lo ss  in  
s e n s i t iv i ty .
Many methods have been advocated fo r  the  removal of sm all amounts 
of phosphate from so lu tio n s  con ta in ing  calcium in  o rder th a t  
subsequent calcium determ inations may be made a c u ra te ly . Chen 
and T oribara  (1953)> Powell (1953) an-d W illiams and Morgan (1953) have
15 20 50 200 500
-47 -64  -75 -80  -83
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p re c ip i ta te d  calcium  as the o x a la te  and c a r r ie d  out th e  a n a ly s is  on 
the  re d is so lv e d  p r e c ip i ta te .  Smith and McCallum (1956 ) have more 
re c e n tly  removed phosphorus from so lu tio n  b efo re  the  EDTA method 
f o r  determ in ing  calcium  by p re c ip i ta t io n  w ith f e r r i c  c h lo rid e  a t  a  
s u ita b le  pH. Some more ra p id  method however i s  needed to  remove 
phosphorus com pletely  in  o rder no t to  cancel out the  speed advantage 
of flame photom etry.
Attempts have been made to  p r e c ip i ta te  phosphorus p re sen t a t  
50 ppm and under in  so lu tio n s  co n ta in in g  50 ppm of calcium . A 
v a r ie ty  o f reag en ts  such as lead  a c e ta te  and zirconium  su lp h ate  
have been in v e s t ig a te d , p r e c ip i ta t io n  o f the phosphate under vary ing  
co n d itio n s  being  follow ed by c e n tr ifu g in g . D if f ic u l ty  was 
f re q u e n tly  encountered in  o b ta in in g  c le a r  so lu tio n s  and in  no case d id  
the  su p ernatan t l iq u id  give the  c o rre c t calcium  read in g . Ih is  
approach was th e re fo re  abandoned.
In v e s tig a t io n s  have been made to  determ ine i/diether or n o t an 
anion exchange r e s in  (Am berlite I E -  400 (CE) ) could be used to  
sep a ra te  calcium  and phosphate. The re s in  was ground to  pass the 
60 mesh s iev e  b u t be re ta in e d  by the  120 mesh and packed to  a depth 
o f a b o u t .5 cmso in  a 7 nuu diam eter tube . The r e s in  was charged with 
sodium hydroxide, su rp lu s being  removed by thorough leach ing  w ith  w ater.
25 m l. q u a n ti t ie s  of so lu tio n s  co n ta in in g  vary ing  q u a n ti t ie s  of 
calcium and phosphorus were in troduced  in to  the  columns. The f i r s t  
15 ml. of le ach a te  was d iscarded  as i t  was d ilu te d  w ith the w ater 
re ta in e d  in  the column a f t e r  washing. The rem ainder o f the leach a te
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was re ta in e d  f o r  flam e photom etric  de te rm in a tio n  o f calcium  and th e  
re s u lts ,  compared w ith  the  o r ig in a l  s o lu tio n s  (Table 6 . ) .
Table 6 . "Apparent11 Calcium C oncentration  in  th e  O rig in a l S o lu tio n s  ( l )  
and the Leachate (B) from Exchange Columns.
Phosphate
added Calcium (ppm) in  so lu tio n
ppm P. 10 20 30 40 50
A B A B A B A B A B
0 10 7 20 14 30 21 40 27 50 34*5
10 5 7 8 13 145 22*5 23 27*5 32-5 34
25 4* 5 8 6 13 8.5 20*5 11. 5 28 12*5 34*5
50 4 7 - - - - 11 28 - -
100 4 7*5 - - - - 11 26 - -
Mean Ca recovered . - 7*3 - 13-3 - 21-3 - 27*3 - 34*3
as fo o r ig in a l - 73*0 - 66*5 - 70*1 - 68-3 - 68*6
In c reas in g  phosphate c o n cen tra tio n , because of the  dep ressive  
e f fe c t  on calcium  em ission, produced s te a d i ly  d ecreasing  "apparent" 
calcium  co n cen tra tio n s  in  the o r ig in a l  so lu tio n s(A ) . The flame 
photom eter read ings in  the le ach a te  (B) were however reasonab ly  
constan t over the  whole range of phosphate fo r  each v e r t i c a l  s e r ie s .  
In  each case some 707- of fke calcium  was recovered .
Experiments w ith la rg e r  volumes showed th a t  phosphate r e te n tio n  
was com plete. Thus the lower le v e ls  of calcium  in  the le ach a te  can 
only be explained  on the b a s is  th a t  some calcium was re ta in e d  on the 
column, most probably  as calcium  phosphate p re c ip i ta te d  under the
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a lk a l in e  c o n d itio n s . Attempts to  improve the  recovery  r a t e  and 
i t s  constancy by charg ing  th e  column w ith  calcium  hydroxide in  p lace  
of c a u s tic  soda and a l t e r in g  th e  flow  r a te  were n o t su c c e ss fu l arid th is  
method was n o t pursued fu r th e r .
Mason (1952) has used a c a tio n  exchange re s in  (Zeo -  Karb 215) 
in  the form of a column to  r e ta in  calcium  f r e e  from phosphate, the  
calcium  subsequently  being e lu te d  w ith  a c id  fo r  de term ina tion  w ith  
EDTA. The method f i n a l ly  adopted has been based on th is  id e a .
P rep a ra tio n  o f Exchange Columns.
The c a tio n  exchange r e s in  used was A m berlite IE -  120 (h) which 
was ground to  a s iz e  th a t  passes the  60 bu t i s  re ta in e d  by the  120 
mesh 3 . S . s ie v e . This was packed t ig h t ly  in to  a 55 cm. leng th  of 
g la ss  tu b in g , 7 mn** in  d iam eter and p rev io u s ly  tapered  a t  one end.
The re s in  i s  h e ld  in  p o s it io n  by two plugs of co tto n  wool. A 
su itab le  depth i s  5 cms. The tube should then be capable of ho ld ing  
10 ml. o f w ater above the  re s in  and th is  should run through in  n o t 
le s s  than 20 m inutes. The re s in  i s  p repared  fo r  use by washing w ith 
51T n i t r i c  a c id  and then s e v e ra l times w ith  w a ter. A number of tubes 
can convenien tly  be h e ld  on a h o r iz o n ta l  wooden frame w ith  "Terry** 
c lip s  spaced a t  2§- inch in te r v a l s .  This allow s the columns to be 
ra is e d  and lowered e a s i ly  and g ives s u f f ic ie n t  room on the  bench fo r  
standard  f la s k s ,  beakers e tc .
R eten tion  and E lu tio n  of Calcium.
10 ml. o f a so lu tio n  con ta in ing  $0 ppm of calcium  (prepared by
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d isso lv in g  calcium  carbonate  in  h y d ro ch lo ric  a c id  and s u ita b ly  
d i lu t in g )  a re  in tro d u ced  in to  th e  top of th e  column and allow ed to  
leach  through the  r e s in .  The r e s in  i s  then washed tw ice w ith 
5 ml p o rtio n s  of w ater and a l l  the washings a re  d isca rd ed . A 
10 ml c a l ib ra te d  f la s k  i s  then p laced  beneath  th e  column and the 
calcium  i s  e lu te d  w ith 5 TT n i t r i c  a c id  u n t i l  10 ml of e lu a te  a re  
ob ta in ed . Calcium i s  then determ ined in  th is  so lu tio n  by flame 
photom etry, th e  c a l ib ra t io n  curve having been p repared  from known 
amounts of calcium  in  5$" n i t r i c  a c id . Both re te n tio n  of the calcium  
and i t s  subsequent e lu tio n  a re  com plete, as checked by both  flamie 
photometry and an o x a la te  method. Calcium i s  incom pletely  h e ld  i f  
th e  so lu tio n  under t e s t  i s  more ac id  than 0»25 IT.
5 IT n i t r i c  a c id  was chosen to  e lu te  the calcium  in  p re fe ren ce  
to  e i th e r  su lp h u ric  o r hyd roch lo ric  ac id s  as i t  reduces the  flame 
in te n s i ty  of the  calcium  em ission to  the  le a s t  degree. This i s  
shown by the flame photometier read ings fo r  various so lu tio n s  
co n ta in in g  50 ppm of calcium , i . e .  w ith w ater as so lv e n t, 100; w ith 
5 R n i t r i c  a c id , 82; w ith  5 R su lp h u ric  a c id , 6 j;  and w ith 5 R 
h y d roch lo ric  a c id , 65* The c a l ib ra t io n  curve i s  p repared  by 
setting- the instrum ent a t  0 w ith 5 N n i t r i c  a c id  and a t  100 w ith 
75 PPi& of calcium  in  5 R n i t r i c  a c id  and then read ing  a number of 
in te rm ed ia te  co n cen tra tio n s .
E ffic ien cy  of Phosphate Removal.
Table 7 g ives the r e s u l t s  ob tained  fo r  calcium  determ inations on
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s o lu tio n s  co n ta in in g  various amounts of phosphate added as ammonium
I
phosphate . In  each case  they  were added to  th e  column in  10 ml. o f 
w ater and e lu te d  w ith  10 ml* o f 5^  n i t r i c  a c id .
Table 7* Recovery of Calcium from S o lu tio n s  Containing Various
Amounts of Added Phosphate
TAKM. EEL FLAKE FOUND RECOVERY
Ca. P . PHOTOMETER Ca. i° •
ppm ppm READING.* ppm.
10 0 15 10.4 104
10 10 14-5 9.7 97
10 25 14.5 9 .7 97
10 100 15 10.4 104
20 0 29 20.4 102
20 10 29 20.4 1Q2
20 25 28 19.8 99
20 100 28 19.8 99
40 0 58 40.0 100
40 10 57 39.5 99
40 25 58.5 40.5 101
40 100 57 39.5 99
50 0 69 49.0 98
50 10 69 49.0 98
50 25 70 50.0 100
50 100 72 51.0 102
60 0 85 61.0 102
60 10 84 60.5 101
60 25 85 59.5 99
60 100 84-5 6O.5 101
mean 100*3
100 = 75 PPffi Ca in  5^ n i t r i c  a c id .
0 * 5N n i t r i c  a c id .
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E lim ina tion  of in te r fe re n c e  due to  phosphate i s  thus com plete.
The sm all d ev ia tio n s  from 100 °/q reco v e iy  a re  m ainly a t t r ib u ta b le  to  
i n a b i l i t y  to  read  the p o s i t io n  o f the  l ig h t  spo t on th e  s c a le  to  a 
g re a te r  accuracy  th a n '+, 0 .5  o f a  d iv is io n , p a r t i c u la r ly  f o r  the  
h ig h e r read in g s .
E ffe c t o f O ther In te r f e r in g  Io n s .
A number of c a tio n s  can in flu en c e  the  calcium  em ission . The 
e f fe c ts  of th ese  have been s tu d ie d  by in c lu d in g  them in  calcium  s o lu t io n j  
p r io r  to  p ass in g  through the  exchange colums. The amounts added 
were in  such q u a n tity  as may be found in  p la n t  m a te r ia l ,  and a d d it io n a lly , 
in  ex cessiv e ly  g re a te r  amounts.
Table 0 shows th a t  in te r fe re n c e  from aluminium, iro n , manganese, 
magnesium and sodium i s  in  each case absen t when considered  in  r e la t io n  
to  t h e i r  co n cen tra tio n  r e la t iv e  to  calcium  in  p la n ts .
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Table 8 . E ffe c t o f Various I n te r f e r in g  Ions in  the  
D eterm ination  o f Calcium in  5N n i t r i c  Acid.
Calcium Taken. Calcium found.
xppm. ppm
Aluminium T 1 50 50.0
10 50 49.0
Iro n  1 50 50.0
10 50 51.9
Manganese 1 50 50.0
10 50 50.0
Magnesium 5 50 50.0
10 50 50.0
5° 50 51.5















3E Mean of 3 d e te rm in a tio n s.
P rocedure.
A convenient a l iq u o t (u su a lly  2.5 m l.)  of the  p la n t ash  (prepared 
as described  from lg . of m a te ria l made up to  lO G nl.) i s  tra n s fe r re d  to  
the  exchange column. A fte r  washing tw ice with 5ml. p o rtio n s  of w ater
I n te r f e r in g  Io n .
ppm.
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to  remove phosphate , the  calcium  i s  e lu te d  in to  a  s tan d a rd  10ml. f la s k  
w ith 5^ n i t r i c  a c id . The calcium  co n cen tra tio n  in  ppm i s  then found 
by re fe ren ce  to  the  s tandard  curve p repared  from 0 - 7 5  PPm °£ calcium . 
A fte r washing w ell w ith w ater, the  column i s  ready fo r  re -u s e .
I f  x mi. of the  ash so lu tio n  a re  taken and y ppm of calcium  found, 
then th e  calcium  con ten t of the  sample w i l l  he p e r c en t. I f  
2.5ml of so lu tio n  is ju s e d , the  range covered i s  froia 0 -  yfo Ga. in  the  
p la n t  m a te r ia l .
The procedure i s  obviously  r a th e r  lengthy  f o r  a s in g le  de term ina tion , 
hu t when done in  la rg e  hatches many analyses may he completed very 
ra p id ly . A fte r the  i n i t i a l  p ip e t t in g  in to  the  exchange co lum n,a ll 
the  opera tions which a re  involved a re  sim ple washing procedures which 
can fun unattended u n t i l  the f in a l  c o lle c t io n  of the  10ml n i t r i c  a c id  
le ac h a te . Even th is  may he s im p lif ie d  hy leach ing  w ith s l ig h t ly  le s s  
than  10ml and then making up to  the  mark a f t e r  drainage i s  com plete.
Table 9 shows the  good agreement reached between the calcium 
con ten ts  o f a v a r ie ty  o f p la n t m a te r ia ls  as determ ined by both flame 
photometry and the  o x a la te  method d escribed  by Marsden (l94 l)*
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Table 9* Comparison Between Flame Photom etric and O xalate 
Methods o f Determ ining Calcium in  P la n t M a te r ia l.
CALCIUM <fo
FLAME OXALATE
Turnip • V>1 CD o .572
B arley straw .200 .199
Young o a ts .382 .  366
Seeds hay .512 .522
Sugar b e e t pulp .870 .878
Maize meal .020 .021
Pea straw .960 .945
Bean straw • 750 .7  66
Bracken stem .220 .220
P o ta to  haulm 1.575 1.370
Mean • 567 .566
Data concerning the accuracy of the  method as measured by rep eated  
a n a ly s is  o f th e  same sample of p la n t m a te r ia l a re  p re sen ted  in  a  l a t e r  
section ..
This method fo r  determ ining calcium  has been pub lish ed  (Hemingway 
(1956) ) .
DST5RMJHATI dT OF MAGNESIUM
The re a c tio n  between T itan  Yellow (the  sodium s a l t  of the 
dia^oamino compound of anh y d ro th io -p -to lu id en e  sulphonic a c id )  and 
magnesium in  a lk a l in e  so lu tio n  to  produce a red-orange c o llo id a l  lake  
has fre q u e n tly  been used as a method of determ ining magnesium.
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C o rn fie ld  and P o lla rd  (1950) have devised  a method whereby th e re  i s  
no n e c e s s ity  f o r  the a d d itio n  o f a p ro te c t iv e  c o llo id  such as s ta rc h  
to  s ta b a l is e  th e  d isp e rs io n  w ith a  consequent drop in  s e n s i t i v i t y .
Ihe procedure used has been a s u i ta b le  adap tion  of th is  method.
Calcium and phosphate in te r fe re  in  the  d e term in a tio n  by in c re a s in g  
th e  development of the  d isp e rs io n  and aluminium by reducing  i t .
These e f fe c ts  can be overcome by the  a d d itio n  of a "compensating reag en t"  
co n ta in in g  these  elem ents in  such q u a n tity  th a t  fu r th e r  a d d itio n s  
from the p la n t m a te r ia l have no fu r th e r  e f f e c t .  Manganese a lso  has 
a reducing  e f f e c t ,  bu t C orn fie ld  and P o lla rd  found th a t  th is  could be 
e lim in a ted  by th e  a d d itio n  o f m annito l. Other ions in  co n cen tra tio n s  
l ik e ly  to  be found in  p la n t m a te r ia l have been shown n o t to  in te r f e r e .
Procedure
The so lu tio n  co n ta in in g  magnesium (u su a lly  2o5ml o f the  ash
so lu tio n  prepared  as d esc rib ed ) i s  p laced  in  a  t e s t  tube graduated a t
21ml. To th is  i s  added in  tu rn ;
(a ) 1 ml o f "compensating s o lu tio n " . Ih is  i s  prepared  by 
d isso lv in g  15* 9g anhydrous CaCl^, 0 .9 %  EH^PO  ^ and 0.88g of potassium  
alum in  1 l i t r e  of w ater.
and (b) 1ml. o f a 2 .5 ^  aqueous so lu tio n  of m annito l.
The m ixture i s  then made up to  the 21ml. mark, shaken and allow ed 
to  s tan d  fo r  5 m inutes. 2ml. o f a 0,05/- so lu tio n  of T itan  Yellow 
a re  added follow ed by 2 ml. of ^  sodium hydroxide. A fte r  shaking
w e ll, the  tube i s  allow ed to s tand  fo r  10 minutes (+1 m in .) . During
















Blank » 0 ri r  son 625 ^  I t e r
F ig . 3 . Magnesium C a lib ra tio n  Car?©
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A fte r  10 m inutes th e  tube i s  v ig o ro u sly  reshaken to  ensure 
complete d isp e rs io n  and the con ten ts  a re  ra p id ly  t r a n s fe r re d  to  a  
co lo rim e te r tube to  be read  im m ediately in  th e  EEL C olorim eter u sing  
the  625 green f i l t e r ,  optimum tran sm issio n  540 mu.
A s e r ie s  o f standards a re  p repared  in  the same manner u s in g  from 
0 to  O.lOmg. of magnesium as magnesium su lp h a te  and a c a l ib ra t io n  
curve ob ta ined , s e t t in g  the  blank a t  0 (P ig . 5«)* I f  2.5m l. of the 
p la n t ash so lu tio n  i s  used, th is  corresponds to  0 -  0 .40^  Mg.
Comparison w ith a volum etric magnesium ammonium phosphate method 
(Marsden (1941) ) showed veiy  good agreement (Table 1 0 .) .
Table 10. Comparison Between T itan  Yellow and
Magnesium Ammonium Phosphate Methods fo r  the  
D eterm ination of Magnesium.
Magnesium jo.
T itan  Yellow Volumetric
Kale le a f .090 .098
Kale stem .146 .150
Grass .124 .120
Clover .266 .260
Turnip tops .210 .204
Turnip ro o ts .108 .100
Mean •157 .155
D ata concerning the  e rro rs  o f repeated  analyses o f th e  same sample 
are  p resen ted  in  a  l a t e r  s e c tio n .
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DETERMINATICST OF HtOSHJORUS.
Phosphorus has been determined, by th e  u su a l molybdenum b lue  
re a c tio n . 1ml. of th e  ash e x tra c t  was p ip e tte d  in to  a 100ml. 
f la s k  and the  b lue co lou r developed a f t e r  a d d itio n  of the  ammonium 
m olybdate /su lphuric  a c id  m ixture and stannous c h lo rid e  was measured 
in  an EEL c o lo rim e te r . The s tan d ard  curve produced covers the 
range 0 -  0.05 mg. P, i . e .  0 -  0*5% P.
SCHEME OP ANALYSIS
Having developed th ese  methods, i t  was of the  g re a te s t  im portance 
th a t  f u l l  advantage should be taken o f t h e i r  speed to  determ ine sodium, 
potassium , calcium , magnesium and phosphorus in  a la rg e  number of 
sam ples. To th is  end, a procedure has been devised to  cu t down the 
number of o p era tions such as p ip e t t in g  and the amount of apparatus 
to  the  ab so lu te  minimum.
In  each case , ex ac tly  lg .  of sample was weighed out fo r  a n a ly s is  
to  avoid  the  need fo r  subsequent c a lc u la t io n s . Samples were 
analysed  in  batches of 16 as many of the f i e l d  experim ents had 32 p lo ts .  
A m etal t r a y  to  ho ld  th is  number was made to  f i t  the m uffle furnace 
and a f t e r  ig n it io n  i t  was tra n s fe r re d  to  f i t  over a sand bath  fo r  
evaporation  to  dryness w ith h y d ro ch lo ric  a c id . The ash was d isso lved  
in  h o t w ater and made up to  100ml. Measured volumes of th is  so lu tio n  
were taken fo r  a n a ly s is  as shown in  P ig . 4*
In  th is  manner i t  was p o ss ib le  fo r  one person to  complete the 
an a ly s is  of 16 samples fo r  a l l  f iv e  elem ents in  a day and th is  number 
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The accuracy  of th is  scheme of a n a ly s is  has been measured by 
rep ea ted  analyses of b a r le y  s traw , hay and k a le  l e a f .  The method 
used was to  weigh out lg .  samples o f each and perform  the  a n a ly s is ,  
the  process being  rep ea ted  a t  w eek ly  in te rv a ls  over a p e rio d  o f 
10 weeks. Table 11 g ives the  t o t a l  e r ro r  from a l l  sources of the  
sep a ra te  analyses as measured by exp ressing  th e  s tan d ard  d ev ia tio n s  
as a percen tage of th e i r  re sp e c tiv e  means. In  each case the mean 
con ten ts have been compared w ith values ob ta ined  se p a ra te ly  by 
standard  volum etric and g rav im e tric  methods and good agreement 
found. This scheme of a n a ly s is  has th e re fo re  been adopted and used 
throughout as the e rro rs  were considered  to  be s a t i s f a c to r i l y  sm all 
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EXPSKMMTS WITS KALE
■There have been a v a r ie ty  o f recorded  r e s u l t s  reg ard in g  the  use of 
n itro g en  on k a le . E a r l ie r  work showed th a t  1 cwt. o f ammonium su lp h a te  
produced about 1 ton of e x tra  k a le  and th a t  the  response was alm ost 
'l in e a r  up to  8 -  10 cwt. There were consequent red u c tio n s  in  th e  dry  
m atte r 70. M th in  re c e n t years  opinions have been expressed th a t  
responses to  n itro g e n  a re  n o t now so la rg e  and a re  more i r r e g u la r  from 
s i t e  to  s i t e .  A search  o f the l i t e r a t u r e  has rev ea led  no records of 
co n tro lle d  experim ents w ith phosphorus and potassium , although, compound 
f e r t i l i z e r s  have been used a t  d i f f e r e n t  r a te s .
There has been no system atic  in v e s t ig a t io n  in to  the  e f fe c t  o f s a l t  
on k a le , bu t Earmer & Benne (1545) have re p o rted  la rg e  in c rease s  in  the 
y ie ld  of cabbage. Lehr (1953) has quoted the  r e s u l t s  of a t r i a l  in  
I re la n d  where s a l t  reduced the y ie ld  of k a le  on a potassium  d e f ic ie n t  
s o i l ,  bu t s tim u la ted  i t  when a s u i ta b le  potassium  a p p lic a tio n  was a lso  
given. P iz e r  (1954) has summarised the  a v a ila b le  evidence reg ard in g  
the s a l t  to le ran ce  l i m i t s  of various crops on land flooded with sea 
w ater. Uiose w ithstand ing  0.3n; EaCl, (the  h ig h e s t)  inc lude  k a le , 
swedes, rap e , m ustard, ry e , b a r le y  and rye g ra s s . Oats and lucerne 
to le ra te  0 . 2^  and red  and w hite c lo v e rs , timothy, wheat, cocksfoo t, peas 
and beans f a i l  a t  about 0 . 1^ .
Experiments which have been made w ith n itro g en  f e r t i l i z e r s  have 
u su a lly  shown in c reases  in  the  p ro te in  con ten t of the crop , bu t th e re  
have been no in v e s tig a tio n s  regard ing  the e f fe c t  of f e r t i l i z e r s  on the  
m ineral com position of k a le .
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In  the  p re sen t work, s ix  f i e l d  experim ents have been completed w ith 
k a le . Four have been w ith marrow stem k a le  and two w ith the  thousand 
head v a r ie ty .
Two experim ents (Kale 1 and Kale 2) w ith marrow stem k a le  were la id  
down in  1954« Each conformed to  a s im ila r  design w ith  the  fo llow ing  
tre a tm e n ts •
Ammonium Sulphate 0, 4 and 8 c w t./a c re  (K0,N1, N2)
Superphosphate 0, 3 and 6 c w t./a c re  (PO, P I , P2)
Potassium  C hloride 0, 1’ and 3 c w t./a c re  (KO, K l, K2)
S a lt  0 and 4 c w t./a c re  (SO, S i)
The b a s ic  layou t of each was a s tan d ard  3 x 3 x 3  design  of 27 p lo ts  
in  3 b locks of 9 p lo ts  w ith the NPK in te ra c t io n  confounded between 
b locks. S a lt  was ap p lied  to  a random h a l f  of each of the  main NPK 
tre a tm e n ts .
One fu r th e r  experim ent o f th i s  type (Kale 3) was c a r r ie d  ou t in  
1955> only w ith thousand-head in  p lace  o f marrow stem k a le .
The p a r t i t i o n  of the  degrees o f freedom fo r  the a n a ly s is  o f variance  
in  the above design  i s  as fo llow s.
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Main P lo ts  S p l i t  P lo ts
; : v d. o f f .  d . o f f .
Blocks 2 Main E ffe c t S 1
Main E ffe c ts  U 2 In te ra c t io n s  US 2
P 2 PS 2
K 2 KS 2
In te ra c t io n s  NP 4 NPS 4
m  . 4 NKS 4
PK 4 PKS 4
R esidual 6 R esidual 8
T o ta l 26 T o ta l 27
The second experim ent in  1955 (Kale 4 ) on marrow stem k a le  used 
a sim pler design  in v o lv in g  o n l y  phosphorus, .potassium  and s a l t .  The 
trea tm en ts  w ere;
Superphosphate 0 , 3 6 c w t./a c re  (PO, P I , P2)
Potassium  C hloride 0, i j t  and 3 cw t/acre  (KO, K l, K2)
S a lt 0 , 3 and 6 cw t;./acre (SO, S I, S2)
Each p lo t  in  a d d itio n  rece iv ed  6 cwt. of ammonium su lp h ate  p e r
a c re .
Two fu r th e r  experim ents (Kale 5 and Kale 6) were la id  down in  1956, 
the f i r s t  w ith marrow stem and the  second w ith thousand head k a le .
The trea tm en ts were;
Ammonium Sulphate 0 and 6 cw t./a c re  N.
Superphosphate 0 and 3 c w t./a c re  P .
Potassium  C hloride 0 and 2 c w t./a c re  K.
S a l t  0 and 4 c w t . / a c r e  S .
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The various trea tm en ts  were arranged  in  a f a c t o r i a l  design  in  4 
blocks o f 8 u n i t s .  Ihe NPKS in te r a c t io n  was confounded in  each of 
the  two com plete r e p l ic a te s .
The a n a ly s is  of v ariance  i s  as fo llo w s.
d. of f .
The k a le  was in v a r ia b ly  grown on s l ig h t ly  ridged  lan d , the rid g es  
being about 27 inches a p a r t .  The f e r t i l i z e r s  fo r  each p lo t  were 
thoroughly mixed and sown by hand to  the ground a f t e r  the f i r s t  
harrow ing bu t b e fo re  the  f i n a l  seed bed p re p a ra tio n s . In  th is  way 
they were w ell in term ixed  with the  s o i l  during subsequent c u l t iv a t io n s .  
Normally about a week elapsed between the d a te  o f f e r t i l i z e r  a p p lic a tio n  
and the sowing of the seed.
Only h a l f  o f the  to t a l  ammonium su lphate  d ressin g s  of 6 and 8 cwt.
p e r acre  were given in  the seed bed. For these high r a te s ,  h a l f  was
app lied  a t  sowing time and the rem aining h a l f  top dressed  a t  s in g lin g .
The experim ental a reas  were in  each case s i te d  in  convenient 
p o s itio n s  in  f ie ld s  of ka le  on various farm s. They were c u lt iv a te d , 
sown, s in g led  and weeded e tc . a t  the normal times in  conjunction w ith 
the rem ainder of the  f i e ld  by the farm er. H arvesting  took p lace  in
R e p lica tio n s . 
Blocks in  Reps. 
Main E f fe c ts .  (4 ) 




2 F a c to r (6)





T otal J& l
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l a t e  October and e a r ly  November b e fo re  the  onset of se r io u s  f r o s t s .
P lo t  S ize .
In  each experim ent the p lo t  s iz e  used has been 0.01 a c re . In  the  
f i r s t  th ree  experim ents the main p lo ts  were tw ice th is  s iz e  to  allow  
each h a l f - p lo t  re c e iv in g  s a l t  to  be o f s im ila r  a re a . Each p lo t  
(o r h a l f - p lo t )  was 6 rows wide, g e n e ra lly  the  spacing  being  27 i n s . ,  
and about 33 in  le n g th . Ihe c e n tr a l  fo u r  rows were h a rv ested  fo r  
y ie ld  d e te im n a tio n s  and samples fo r  an a ly s is  were taken  from th i s  a re a .
Edwards (1954) H a llid a y  (1954) have both  rep o rte d  s a t i s f a c to r y  
re s u l t s  from u sin g  th is  s iz e  o f p lo t .  H a llid ay  found th a t  c o e f f ic ie n ts  
of v a r ia tio n  in  k a le  experim ents u sin g  n itro g e n  were between 7 and 
8/fc fo r  dry m atte r y ie ld s .
Sampling.
The n a tu re  of the k a le  p la n t i s  such th a t  f e r t i l i z e r s  may a l t e r  
the le a f /s te m  r a t io  and in  view of the d iffe re n c e  in  com position of 
the sep a ra te  p a r ts  i t  was decided to  o b ta in  sep a ra te  samples of le a f  
and stem f o r  a n a ly s is .
The k a le  experim ents were s in g le d  as w ell as p o s s ib le , bu t 
in e v ita b ly  a few p a ir s  o r c lo se ly  spaced p la n ts  were l e f t .  This 
n a tu ra l ly  leads to  the  occurence in  any one p lo t  of a very sm all number 
of p la n ts  which a re  g e n e ra lly  q u ite  a ty p ic a l  from the  rem ainder, 
u su a lly  being  much sm aller and s tu n te d . I t  i s  obvious th a t  such p la n ts  
do n o t co n trib u te  to  the to ta l  weight in  r e la t io n  to  th e i r  numbers 
and th a t  th e i r  com position might d i f f e r  markedly from the rem ainder.
I
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They must th e re fo re  he re je c te d  in  sam pling and thus th e  samples taken  
w il l  n o t he t r u ly  random h u t r e s t r i c t e d  to  s e le c t io n  from the  more 
normal p la n ts  in  each p lo t .  In  any even t, th ese  w il l  he the  g re a t 
m a jo rity  and the  p repondera ting  f a c to r  in  t o t a l  y ie ld .
Other workers have adopted the  same a t t i t u d e .  Edwards (1945) 
took s ix  p la n ts  p e r p lo t  and re je c te d  any obviously  a ty p ic a l  p la n ts  
in  h is  “random1* s e le c tio n . ' H a llid ay  (1954) recommends th a t  a " fix ed  
number" (u n sp e c if ied ) o f " ty p ic a l  p la n ts "  be taken .
There a re  obvious l im ita t io n s  to  the  number of p la n ts  which can 
be taken to  form a re p re se n ta tiv e  composite sample of k a le  in  view of 
the bu lk  of m a te r ia l invo lved . In v e s tig a t io n s  have been c a r r ie d  
out in  a reas  ad jacen t to  Experiments 1 and 2 to  determ ine a s u ita b le  
number of p la n ts  to  be sampled f o r  a n a ly s is .
From an a rea  of 0 .1  a c re , ten  groups of 12 p la n ts  were taken to  
rep re se n t in d iv id u a lly  the k a le  in  th a t  a re a . The p la n ts  were cu t 
a t  about 3 in s .  above ground le v e l .  Obviously a ty p ic a l  p la n ts  were 
re je c te d  during the s e le c t io n . The procedure then adopted was to  
s t r ip  the leaves from the  stem s. During th is  process th ree  leaves 
from each p la n t were c o lle c te d  s e p a ra te ly . One was taken from the  
top th i r d ,  one from the middle p o rtio n  and one from the  bottom th ir d  
of each p la n t .  These 36 leaves then formed the la b o ra to ry  sample 
fo r  dry m a tte r de term ination  and subsequent a n a ly s is . During th is  
sep a ra tio n , any su rp lus w ater adhering  to  the leaves i s  w ell shaken 
o f f .
The bulked leaves and stems from each group of 12 p la n ts  were
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weighed s e p a ra te ly , the  sum g iv in g  the t o t a l  f re sh  w eight. The le a f  
subsample was chopped, reduced in  s iz e  by q u a r te r in g , d r ie d  a t  100°C, 
reweighed and f i n a l ly  ground. The 12 stems were tr e a te d  in  a  s im ila r  
manner.
Table 12 d e ta i l s  the  r e s u l t s  o f th ese  in v e s t ig a tio n s  w ith re sp e c t 
to  f re s h  w eight, le a f /s te m  r a t io  and /  D.M., and Table 13 g ives the  
analyses of th e  dry m atte r fo r  the sep a ra te  samples from the  a rea  
a d jacen t to  Experiment 1 . The an a lyses were c a r r ie d  out by the 
methods p rev io u s ly  d esc rib ed . Expressed on a /  b a s is ,  a l l  the  e rro rs  
f a l l  between 7 ancL 10°p of th e i r  re sp e c tiv e  means, w ith the  exception 
o f the  dry m a tte r f<& which a re  r a th e r  sm a lle r . This o rder of 
magnitude i s  g en e ra lly  accep tab le  in  th is  type o f work and was 
s u rp r is in g ly  sm all.
Table 12. In v e s tig a tio n s  in to  Sampling E rro r
(Sampling U n it. 12 P la n ts )
Sample Fresh w t. lb s
EXPERIMENT 1.
Leaf/stem  D 




Fresh Leaf/stem  °/c I) 
w t. lb s .  r a t io  LEAF
.Ivl.
STEM
1 30.5 1.44 11.4 10.0 29.0 1.70 12.2 10.0
2 30.0 1.50 11.6 10.5 31.5 1.52 12.4 10.0
3 33.5 1.39 11.8 10.6 33.5 1.62 12.3 10.1
4 30.0 1.40 11.2 10.4 28.5 1.62 12.7 10.4
5 34.5 1.30 11.4 10.2 29.0 1.45 12.5 10.6
6 31.5 1.63 11.7 10.7 27.0 1.30 12.1 10.2
7 30.5 1.26 11.3 10.2 33.5 1.32 12.6 10.7
8 30.0 1.31 11.9 10.8 31.0 I .65 12.7 10.0
9 34.5 1.30 11.2 10.4 29.0 1.50 12.2 10.2
10 34.0 1.19 11.9 11.0 30.5 1.31 12.3 10.4
Mean 31*9 1*37
S. Dev. as g _22 
/<> o f mean
11.5 10.5
2.38 2.91
30.3  1.50  12.4  10.3
7.11  ’ 10.00 1.70  2.56
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Table 13. In v e s tig a t io n s  in to  Sampling E rro r.
(Sampling D nit, 12 P la n ts )
io Composition of the  Dry M atte r.
Sample Na K
LEAF
Ca Mg P Na K
STM
Ca Mg P
1 : .300 2.40 2.70 .116 .275 .350 3.45 .90 .152 .310
2 2 .265 2.65 2.24 .122 .300 .305 3.65 .96 .138 .325
3 .295 2.50 2.12 .142 .305 . 345 3.50 .96 .160 .310
4 .255 2.55 2.06 .126 .290 .300 3.05 .96 .160 .275
5 .270 2.35 2.36 .142 .265 .325 3.25 .80 .166 .280
6 .285 2.40 2.04 .110 .285 .300 3.40 .84 .132 .325
7 .260 2.65 2.46 .146 .315 .340 3.70 .80 . 166 .280
8 .295 2.80 2.04 .136 .300 .325 3.75 .96 .132 .270
9 .290 2.30 2.12 .146 .280 .340 3.35 .92 .148 .320





1—1 .292 .322 3.50 .89 .152 .299
as fo 
mean.
7-74 8.22 9.63 10.15 5-38 7*02 7.14 7.61 8.62 7.22
A f u r th e r  check on the v a l id i ty  of u s in g  12 p la n ts  as re p re se n ta tiv e  
of each p lo t  has been made. For each of the f i r s t  fo u r experim ents, 
the  w eight of th e  12 p la n ts  sampled have been p lo t te d  a g a in s t the  t o t a l  
w eight of m a te r ia l h a rv ested  from each p lo t .  The normal p ra c t ic e  was 
to  take 3 p la n ts  from each of the  fo u r h a rv ested  rows. F ig . 4 shows 
the  good g en era l c o r re la t io n  between sample w eight and to t a l  h a rv ested  
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KALE EXPERIMENT 1. 1954.
S ite  B alloch , D unbartonshire.
S o il Red sandstone d r i f t .  F ree ly  d ra in ed .
Exchangeable Na 8 .0  mgs /
1% c i t r i c  s o l P 5«0 ^gs i ° . D e fic ie n t
i f-  c i t r i c  s o l IC 8*5 mgs fo Low
pH 6 .2
Previous Cropping
1955- O ats. No f e r t i l i z e r  except N itro -c h a lk .
1952. Permanent g ra s s .
V ariety  Marrow Stem.
F e r t i l i z e r  Treatm ents and Layout.
The experim ent co n sis ted  o f a l l  com binations o f -the fo llow ing
tre a tm e n ts ;
Ammonium Sulphate 0, 4 and- 8 c w t./a c re  (NO, N l, N2)
Superphosphate 0, 3 and 6 c w t./a c re  (PO, P I , P2)
Potassium  Chloride 0, l£  and 3 cw t/acre  (KO, K l, K2)
S a lt  0 and 4 c w t./a c re  (SO, S i)
The trea tm en ts  were arranged in  a s tandard  3 x 3 x 5 layou t of 
27 p lo ts  in  3 blocks o f 9* The s a l t  trea tm en t was ap p lied  to  a
random h a l f  of each p lo t ,  g iv ing  54 p lo ts  in  a l l .
The crop grew w ell throughout and the mean y ie ld  of f re sh  k a le  
was 18 tons p e r  a c re . There were la rg e  in c reases  in  y ie ld  from both 
ammonium su lp h ate  and superphosphate.
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Data reg ard in g  the y ie ld  and chem ical com position o f the crop a re  
p resen ted  in  the Appendix, Tables A 1 -  i  7 .
Y ields o f F resh and Dr.y M atte r. (A2)
The mean y ie ld  of f re sh  k a le  was 17*89 to n s . In d iv id u a l p lo ts  
v a ried  from 12 .5  to  23*6 to n s . The range of dry m a tte r y ie ld s  was 
from 1.477 bo 2.628 to n s , the  mean being  1.989*
S a lt  s ig n if ic a n t ly  in c reased  the y ie ld s  of both f re sh  and dry
3€ %m atte r by 0 .87  and 0.099 tons re s p e c tiv e ly . In  each case th e re  were 
ap p rec iab le  neg a tiv e  ES and FS in te ra c t io n s .  S a lt  thus in c reased  the 
y ie ld  by about 1 .60 tons of fre sh  ka le  in  the absence of e i th e r  
superphosphate o r potassium  ch lo rid e  bu t by only about 0 .20  tons in  
th e i r  p resence . The n eg a tiv e  PICS in te ra c t io n s  were a lso  co n sid erab le . 
S a lt  gave ap p rec iab ly  b e t te r  re tu rn s  in  the  presence of ammonium 
su lp h a te  (l*34 tons fre sh  and .182 tons dry) than in  i t s  absence (0.16 
tons and .022 tons re s p e c tiv e ly ) .
Ammonium su lp h ate  had la rg e  and very s ig n if ic a n t  e f fe c ts  on the 
y ie ld s  of both f re sh  and dry m a tte r. The in c rease s  from the 8 cwt. 
a p p lic a tio n  were 4.29  and . 278 tons re sp e c tiv e ly .
Superphosphate a lso  in c reased  y ie ld s  s ig n if ic a n t ly .  The fre sh  
weight in c rease  was 2.85 tons and the dry  m atte r increm ent .291  to n s .
Potassium  C hloride was alm ost w ithout e f f e c t .  I t  in c reased  the 
y ie ld  o f f re sh  ka le  by only O.48 ton .
Composition of the  Dry M atter.
Sodium (A3)
The mean /  Na in  the le a f  and stem were .383 and .332. Very
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la rg e  v a r ia tio n s  were found from p lo t  to  p lo t .  The low est values 
(.110  and .115 re s p e c tiv e ly )  occurred in  th e  NO PC K2 p lo t  and the  
h ig h e s t (.885  and .820) w ith  th e  N2 PO E l SI tre a tm en t.
S a lt  had very la rg e  and s ig n i f ic a n t  e f f e c t s ,  the  in c rease s  in  the 
le a f  and stem being .151“ and .121 c/o re sp e c tiv e ly . Ammonium 
su lp h a te  and superphosphate had l i t t l e  in flu en ce  on the e f fe c t  o f s a l t  
(although in d iv id u a lly  they  had considerab le  in f lu e n c e s )  but potassium  
ch lo rid e  much reduced the  a b i l i t y  of s a l t  to  in c re ase  the sodium 
up take. Thus, in  the l e a f ,  in  the  absence of potassium  ch lo rid e  s a l t  
in c reased  the  y Na by . 298y b u t by only .079% in  i t s  p resen ce . In  
the stem the  in c rease s  were .222 and .053 re s p e c tiv e ly . These 
n eg a tiv e  ES in te ra c t io n s  were both  very s ig n if ic a n t .
Ammonium, su lp h ate  in c reased  the ^  Na by .154 in  the  le a f  and 
by .210**^- in  the  stem . Hie in c rease s  were reduced in  the presence
f  3€3£ \  /  3€$Eof potassium  ^.103 and .164 ) and corresponding ly  g re a te r  (.251
and .£77 ) in  i t s  absence. The n eg ativ e  NE in te ra c t io n  reached
s ig n if ic a n c e  a t  the 5^  le v e l in  the stem.
Superphosphate a lso  had marked e f f e c t s .  Hie 'Ji Na was in creased
by . 059-  in  the  le a f  and by . 070s* fp in  the stem.
Potassium  ch lo rid e  g re a tly  depressed sodium uptake. In  the  le a f ,  
the le v e l f e l l  from .539 to  .279 when 3 cwt. p e r acre  were ap p lied .
In  the stem the  f a l l  was from .463 to  .247* Both these  red uc tions 
were h ig h ly  s ig n if ic a n t .
Potassium  (A4 )
The mean /  K in  the le a f  and stem were 2.44 and 3*49 re s p e c tiv e ly .
'The low est values of 1.85 an& 2.90 were found in  the  NO PO EO SI p lo t
and ranged up to  3 . 153- i n the le a f  and 4.053  the  stem.
S a lt  reduced the y K in  the  le a f  by 0.12 and in  the stem by .OJh.
Hie e f fe c ts  o f s a l t  in  a s s o c ia tio n  w ith o th e r f e r t i l i z e r s  were r a th e r  
i r r e g u la r  bu t the  f a l l  in  potassium  le v e l  was g e n e ra lly  le s s  when 
superphosphate and potassium  ch lo rid e  were given w ith the s a l t  and 
g re a te r  in  the presence of ammonium su lp h a te . None of the e f fe c ts  
and in te ra c t io n s  were s ig n i f ic a n t .
Ammonium su lp h a te  depressed  the % E in  the le a f  by .17 3' bu t 
in c reased  i t  by a, sm all amount ( . 073) i*1 the  stem .
Superphosphate tended to  reduce the potassium  le v e ls  in  both  
le a f  and stem .
Potassium  ch lo rid e  i t s e l f  s ig n if ic a n t ly  in c reased  the  potassium  
conten t of both le a f  anpl stem , the r i s e s  in  fo K being  .39** anxL . 40** 
re s p e c tiv e ly . Other f e r t i l i z e r s  d id  n o t m a te r ia lly  in flu en ce  the 
main potassium  e f f e c t .
Calcium (A5)
There was l i t t l e  v a r ia tio n  from p lo t  to  p lo t  in  the  calcium 
conten ts of e i th e r  le a f  o r stem . The mean values were 2.20 and 
0 . 90/  re sp e c tiv e ly .
S a lt  depressed the le v e l in  the le a f  by . 05$  b u t in c reased  i t  
s l ig h t ly  in  the stem by .02^. N e ith e r e f fe c t  approached s ig n if ic a n c e  
and the in flu en ce  of s a l t  was in  no way c o n s is te n t.
Ammonium su lphate  had no e f fe c t  on calcium  uptake, the in c rease s  
in  °/c Ca in  le a f  and stem being  .02 and .04 re s p e c tiv e ly .
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Superphosphate reduced the  fo Ca in  the le a f  by 0.10* and in  the  
stem by 0*05/ .
Potassium  c h lo rid e  a lso  reduced the  calcium  le v e ls  in  le a f  and 
stem by 0.05  and 0.04  re s p e c tiv e ly .
Magnesium (A6)
The mean 3’ Mg in  the le a f  was .123 and in  the  stem , .152. There 
were no marked in flu en ces  due to  f e r t i l i z e r  trea tm en t.
S a lt  depressed the  le v e l in  the le a f  by .0 0 5 / and in  the  stem 
by .0 1 2 /, bu t n e i th e r  e f fe c t  reached s ig n if ic a n c e .
Ammonium su lp h ate  was alm ost w ithout e f f e c t .  Q:. cwt. reduced the 
the °jo Mg in  the  le a f  by .004 and in c reased  the  amount in  the  stem 
by .002.
Superphosphate tended to  depress the magnesium up take. There 
were f a l l s  from .127 to  .124  in  the le a f  and from .159 to  .149 in  the 
stem.
Potassium  ch lo rid e  behaved in  a s im ila r  manner. There were 
red u c tio n s  of .004 in  the le a f  and .003 in  the stem.
Phosphorus (A7)
The mean values of 3 P in  the le a f  and stem were .289 and .320. 
S a lt  in c reased  the le v e l in  the  le a f  by .010 and in  the  stem by
«  j
.019 y. There were q u ite  la rg e  neg a tiv e  PS in te ra c t io n s  and in  the 
stem th is  reached -.043*/* Only in  the absence of superphosphate d id  
s a l t  in c rease  the  le v e l of phosphorus in  the  stem and then by as 
much as .040%. In  the absence of both superphosphate and potassium  
ch lo rid e  the in c rease  was . 072?o.
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Ammonium su lp h a te  had the  e f f e c t  of in c re a s in g  the  / P  in  the  
le a f  by .0 1 6 / and in  the  stem by .0 0 6 /.
Superphosphate i t s e l f  s ig n i f ic a n t ly  (P = . 05) in c reased  the 
le v e l  in  th e  stem from .272 to  .295 and in  the le a f  from . 301 to  
.332.
Potassium  ch lo rid e  had a sm all dep ress iv e  in flu en ce  of about 
.0 0 8 / P in  both le a f  and stem .
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KALE. EXFEEOWT 2. 1954
S ite  B alfron , S t i r l in g s h i r e .
S o il Red s a n d s to n e /a l lu v ia l  d r i f t .
Deep, f r e e ly  d ra in ed .
Exchangeable IT a 5*0 mgs /
1 /  c i t r i c  s o l .  P 10.0 mgs /  Low
1 /  c i t r i c  s o l .  K 9*0 m g s ./ Low
pH 6 .8
Previous Cropping
1953 Oats No f e r t i l i z e r  except N itro -C halk
1952 P o ta toes NPK f e r t i l i z e r
V arie ty  Marrow stem
F e r t i l i z e r  Treatments and Layout.
The trea tm en ts  and design  of th is  experiment were as 
fo r  Experiment I ,  namely; a l l  combinations of 0, 4 and 8 cwt. of 
ammonium su lp h a te , 0, 3 and 6 cwt. of superphosphate and 0, 1% and 3 cwt. 
of potassium  ch lo rid e  in  a 27 p lo t  layou t w ith 4 cwt. of s a l t  ap p lied  
to  a random h a l f  of each p lo t .
The crop grew w ell throughout the  season, the mean y ie ld  being  
15 tons of f re sh  k a le  per a c re . Ammonium su lphate  gave la rg e  y ie ld  
increm ents. Some damage occurred in  mid-summer due to  the  a c tio n  of 
ra b b its  and th is  i s  r e f le c te d  in  the  ra th e r  high s tandard  e r ro r .  I t  
d id  no t in  any way obscure the main f e r t i l i z e r  e f f e c ts .  The in te r io r  
of some of the stems on the  p lo ts  w ith the h ig h e s t n itro g en  treatm ent 
were hollow  and s l ig h t ly  brown, fe a tu re s  s im ila r  to  boron d e fic ien cy ,
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b u t the  crop d id  n o t seem to  be ad v erse ly  a f fe c te d .
Tables A8 -  A14 p re se n t the crop y ie ld s  and an a ly ses .
F resh and Dry M atter Y ie ld s  (A9)
The mean y ie ld s  were 15.46 tons of f re sh  k a le  and 1.882 tons of 
dry m a tte r . In d iv id u a l p lo t  y ie ld s  v a ried  from 6.48  tons (iTO PO KO SO) 
to  21.56 tons (N2 P2 KO S i)  p rim a rily  as the  r e s u l t  of the n itro g en  
trea tm en t.
S a l t  s ig n if ic a n t ly  in c reased  the y ie ld  of both f re sh  (0,95* to n s)
and dry (0.099* tons) m a tte r . In  each case th e re  were la rg e  and
KS
s ig n if ic a n t  n eg ativ e ' in te r a c t io n s ; -3*00 tons fo r  the  fre sh  k a le  and
- 0 .331* tons fo r  the dry m a tte r.
Ammonium su lp h a te  had la rg e  e f f e c t s .  The f re sh  w eight in c rease  
was 6 .23" tons and although th e re  was a f a l l  in  dry m a tte r °/o9 the  dry 
weight was a lso  in c reased  by 0.513 to n s . These in c rease s  tended to  
be g re a te r  in  the presence of superphosphate.
Superphosphate a lso  in c reased  the  y ie ld  o f f re sh  kale  by 1.27 tons 
and of the dry m a tte r by .110 to n s . There were q u ite  la rg e  n eg ative  
PK in te ra c t io n s .
Potassium  ch lo rid e  had a sm aller in flu en ce  on y ie ld ,  the  in c rease s  
being 0.50 tons of f re sh  m a te r ia l and O.O63 tons of dry m a tte r.
Composition of the Pry M atter.
Sodium (AlO)
The le a f  had a mean con ten t of , 329$Na and th a t  o f the stem was 
. 324/i. Large v a ria tio n s  were found from one treatm ent to  ano ther 
ranging from .090 and .110$ in  the le a f  and stem of the K0 P0 KO SO
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p lo t  to  .950 an& *875$ re s p e c tiv e ly  in  the  N2 P2 KO SI p lo t .
S a lt  had a la rg e  and c o n s is te n t in flu en ce  on sodium up take. The 
amounts in  both le a f  and stem were ra is e d  by .164**$. There were 
a lso  s u b s ta n t ia l  n eg a tiv e  in te ra c t io n s  w ith th e  o th e r th ree  supp lied  
n u tr ie n ts .  None reached s ig n if ic a n c e , but the  KS in te ra c t io n s  were 
alm ost so.
Ammonium su lp h a te  had la rg e  and s ig n if ic a n t  e f f e c t s ; the sodium 
le v e l was ra is e d  by . 297**$ i *1 the le a f  and by .286**$ in  the  stem.
These increm ents were even g re a te r  in  the absence of potassium .
Superphosphate had a much sm aller in flu e n c e . The le v e ls  in  the 
le a f  and stem rose  by .037 and .015 re s p e c tiv e ly  and in  each case the 
KP in te ra c t io n  was +.O5O.
Potassium  ch lo rid e  markedly and very s ig n if ic a n t ly  depressed 
sodium up take . The f  Na in  the le a f  f e l l  from .471 to .295 w ith 
the 1-g- cwt. a p p lic a tio n  and to  ,221 w ith the  3 cwt. d re ss in g . In  the 
stem the f a l l  was from . 46O to  .303 "to .208$ Ka. In  both le a f  and 
stem th e re  were la rg e  and s ig n if ic a n t  (P = .01 ) negative  NK in te ra c t io n s  
of - . 267** and -.223** re sp e c tiv e ly . These led  to  much g re a te r  
reductions in  the $  Ka, from potassium  when high n itro g en  a p p lic a tio n s  
were g iven , e .g . In  the  le a f  the mean fo r  the N2 KO treatm ents had .731$ 
Na, bu t f o r  the 112 K2 trea tm en ts the le v e l was .277$ ^a «
Potassium  (A ll)
The mean $  K in  the le a f  and stem was I .64 and 3*18 re sp e c tiv e ly . 
In d iv id u a l p lo ts  varied  from 1.10 to  2.40$ K in  the le a f  and from 
2.25 to  4 . 55$  in  the  stem, p r im a rily  due to  the e f fe c t  of potassium
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ch lo rid e  •
S a lt  had no in f lu e n c e . I t  r a is e d  the $£ K in  the le a f  by .03 and 
reduced i t  in  the  stem by .077^« There was a tendency f o r  the  dep ress iv e  
e f fe c t  to  be g re a te r  in  the presence of superphosphate.
Ammonium su lp h ate  reduced th e  K in  the 16af by 0.077 bu t in c reased  
i t  by 0.36/^ in  the  stem.
Superphosphate ra is e d  the f: IC in  the le a f  by 0.17/- and in  the stem 
by O.O87I
Potassium  ch lo rid e  i t s e l f  had la rg e r  and more s ig n if ic a n t  
increm ental e f f e c t s .  The r i s e  in  the  le a f  was from I .52 to  1.89 
( s ig . a t  57^  le v e l )  and in  the  stem from 3°06 to  3*48* Tn the le a f  
the PIC in te r a c t io n  (+O.37/0 was a lso  s ig n if ic a n t .
Calcium (A12)
There was l i t t l e  v a r ia tio n  in  the  calcium  f ig u re s . The mean 7° Ca 
of the  le a f  was 2.19  and of the  stem, O.7871
S a lt  depressed the calcium  le v e l in  the le a f  by '0.037^ bu t was 
w ithout in flu en ce  on the stem . There were q u ite  la rg e  n eg ative  KS 
and PS in te ra c t io n s  in  the le a f .
Ammonium su lphate  reduced the  f- Ca in  the le a f  by 0.15 and in  
the stem by 0 .01$. The positive'.N P in te ra c t io n  o f 0.06 in  the  stem 
was s ig n if ic a n t  (P * , 05) bu t th e re  was a neg ativ e  one of -O .ljfc  in  
the le a f .
Suporph6aphate reduced the 7^  Ca in  the le a f  by 0.04 and in  the  
stem by 0 . 05*71
Potassium  ch lo rid e  had a s im ila r  e f fe c t  to  superphosphate, a f a l l
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of 0 .07; in  the le a f  and of 0,077^ in  the  stem. The n eg a tiv e  NK 
in te r a c t io n  in  the  stem of - 0 . 05% was s ig n if ic a n t  (? = »05)«
Magnesium (A13)
The le a f  had a mean Mg *fc of .089 and th a t  o f the stem was .1337^*
S a lt  had no o v e ra ll  e f f e c t  on the magnesium co n ten t. I t  d id  
however tend to  in c re ase  the fl Mg on p lo ts  w ithout potassium  ch lo rid e  
hu t to  decrease  i t  Ydien given in  a s s o c ia tio n  w ith potassium . I t  
a lso  in c reased  th e  % Mg in  the absence of ammonium su lp h a te , bu t 
decreased i t  in  i t s  p resence .
Ammonium su lp h ate  in c reased  the % Mg in  the le a f  from .086 to 
.095 which was alm ost s ig n if ic a n t  and in  the stem from .126 to .141 
which d id  reach s ig n if ic a n c e  a t  the  57° le v e l .
Superphosphate was w ithout e f f e c t .
Potassium  ch lo rid e  reduced the Jo Wig in  the le a f  by .012% and 
in - th e  stem by . 010*71
Phosphorus (AI4 )
The mean values fo r  % P in  the le a f  and stem were .310 and *360 
re s p e c tiv e ly . There was consid erab le  v a r ia tio n  from p lo t  to p lo t  
and ammonium su lp h a te , superphosphate and s a l t  in creased  the le v e ls .
S a lt in c reased  the  P in  the le a f  by .014**% and. in  the stem 
by .01071 In  the  le a f  th e re  was a neg a tiv e  MS in te ra c t io n  of -.017  
and a n eg ative  KS in te ra c t io n  of -.027*7^
Ammonium su lphate  increased  the le v e l of phosphorus bu t only in  
the le a f .  The r i s e  was . 040* /!
Superphosphate i t s e l f  ra is e d  the  % P in  both the le a f  and the stem
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13/ .039 and- -055 > re s p e c tiv e ly . In  each case th e re  were n eg a tiv e  
HE and PE in te ra c t io n s .
Potassium  ch lo rid e  d id  n o t in flu en c e  phosphorus up take.
KALE EXPERBIMT 3> 1955
S ite  Cochno, Dumbartonshire.
S a tis fa c to ry . 
S a tis fa c to ry .
Previous Cropping
1954 P o ta toes Poor crop, manuring unknown.
1953 Oats manuring unknown.
S o il Heavy loam. Poorly  d ra in ed .
Exchangeable Ha 6 .0  mgs $
l c/o c i t r i c  s o l .  P 12.5 mgs $  
T fc  c i t r i c  s o l . .  E 12.5 mgs fo
pH 6.8
V ariety Thousand head
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F e r t i l i z e r  Treatments and Layout.
The design  of the experim ent was as fo r  Experiments 1 and 2. 
Three le v e ls  of n itro g e n , phosphorus and potassium  as b e fo re  were 
arranged in  a 27 p lo t  layou t w ith the s a l t  trea tm en t ap p lied  to  a 
random h a l f  o f each p lo t ,  g iv ing  a t o t a l  of 54 p lo ts .
The crop y ie ld e d  13*5 tons of f re sh  k a le  p e r ac re  and ammonium 
su lphate  gave very la rg e  in c re a se s .
Inform ation  regard ing  the y ie ld  and com position of the crop 
are  given in  Tables A15 -  A21.
Yields of Fresh and Dry M atte r. (Al6)
The mean y ie ld s  of f re sh  and dry ka le  were 13*6 and 1.87 tons 
re s p e c tiv e ly . Amnonium su lp h ate  had a la rg e  in flu en ce  on y ie ld  and 
the fre sh  weight of in d iv id u a l p lo ts  v a ried  from 5*2 to  20.8 tons in  
consequence.
S a lt had s ig n if ic a n t  e f fe c ts  on y ie ld ,  the f re sh  w eight was
3€ 3€increased  by 0*97 tons and the dry m a tte r by 0.107 tons. In  each 
case th e re  were neg a tiv e  KS in te ra c t io n s  of -0 .39  and -O.O76 tons 
re sp e c tiv e ly , bu t n e i th e r  reached s ig n if ic a n c e . There was a lso  a 
la rg e  neg a tiv e  PS in te ra c t io n  fo r  dry m atte r y ie ld s .
Ammonium su lphate  in creased  the  y ie ld  of f re sh  kale  from 9*44 to  
14.19 tons when app lied  a t  the  4 cwt. r a te  and to  17*19 tons a t  the  
8 cwt. le v e l .  The in c reases  in  dry  m atte r were from 1*446 to  1*972 
to  2.193 to n s . A ll the in c reases  were s ig n if ic a n t .  There were 
sm all p o s it iv e  NIC in te ra c t io n s .
Superphosphate had only a s l ig h t  e f fe c t  on y ie ld :  f re sh  and dry
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m atte r in c re ase s  being only  0.34  and- O.O96 tons re s p e c tiv e ly .
Potassium  c h lo rid e  a lso  had l i t t l e  in f lu e n c e . 3 cwt. in c reased
n
the y ie ld  of f re sh  k a le  from 13*^7 to  13.69 tons and of dry
m atte r from I .863 to  1.884  to n s .
Composition of th e  Dry M atte r.
Sodium (A17)
There were la rg e  v a r ia tio n s  in  the  $  Na re s u l t in g  from a p p lic a tio n s  
of ammonium su lp h a te , potassium  ch lo rid e  and s a l t .  The mean values 
fo r  le a f  and stem were .270 and . 223* but th e  extreme conten ts o f the  
le a f  v a ried  from .030  (NO PO K1 SO) to  .825 (N2 PO EO S i) .  The
corresponding values fo r  the stem were .025 and .800^.
S a lt  had la rg e  and s ig n if ic a n t  e f f e c t s .  In  the  l e a f ,  the Na 
was in c reased  by .0643B^ » and in  the  stem by .073**7^. There were 
considerab le  in te ra c t io n s  w ith o th e r f e r t i l i z e r s .  The NS, KS and 
PS in te ra c t io n s  were a l l  la rg e  and n e g a tiv e : s a l t  i t s e l f  thus
in creased  the % Na considerab ly  more in  the absence of o th e r 
f e r t i l i z e r s .
Ammonium su lphate  p ro g re ss iv e ly  and very s ig n if ic a n t ly  in creased  
the  fo  Na from .125 'to .252 to  *4347  ^ in  the le a f  and from .116 to  ol71 
to  .382 in  ihe stem. The in c reases  were much g re a te r  in  each case 
in  th e  absence of potassium  ch lo rid e  and the negative  NE in te ra c t io n s  
of - . 256*7* in  the stem and - . 232**$ in  the le a f  were both s ig n if ic a n t .
Superphosphate had l i t t l e  in flu en ce  on sodium uptake. I t  
reduced the le v e l in  the le a f  by .016 and in  the stem by . 041/ .^
Potassium  ch lo rid e  in  in c re as in g  q u an tity  p ro g ressiv e ly  reduced
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the  le v e l of sodium in  the  le a f  from .434 to  .253 "to . 124$  and in  
the  stem from .376 to .210 to  .084^* These e f fe c ts  were s ig n if ic a n t  
a t  the lfo  le v e l .
Potassium  (A18)
The mean c/o K in  th e  le a f  was 2.63 and in  the stem 2.84* There 
were la rg e  v a r ia tio n s  r e s u l t in g  from the  a p p lic a tio n  of potassium  
ch lo rid e .
S a lt  in c reased  the 7* K in  both le a f  and stem by O.IO^. Larger 
in c rease s  occurred in  the presence of potassium  ch lo rid e  than in  i t s  
absence.
Ammonium su lp h a te  tended to reduce th e  potassium  le v e l in  the 
le a f ,  bu t to  in c rease  i t  in  the stem, but the e f fe c ts  were sm all.
Superphosphate had no e f fe c t  on potassium  up take.
Potassium  ch lo rid e  i t s e l f  had la rg e  and very s ig n if ic a n t  in flu en ces  
on the  io K. Prom a le v e l of 2.197^ in  the  le a f  i t  was ra is e d  to  2.60 
by 1-g- cwt. and to  3*16 by 3 cwt. In  the  stem the  in c rease s  were 
from 2.36 to 2.88 to  3 * 287L
Calcium (A19)
The mean °/o Ca of the le a f  and stem were 2.33 and 0.79 re sp e c tiv e ly .
S a lt  reduced the le v e l in  the le a f  by .02 and in  the stem by 
.05 yt. In  each case the  f a l l  in  the calcium  le v e l was g re a te s t  when 
s a l t  and potassium  ch lo rid e  were app lied  to g e th e r. In  the stem, s a l t  
reduced the 7" Ca by .086 in  the absence of superphosphate, which was 
alm ost s ig n if ic a n t .
Ammonium su lphate  had no ap p rec iab le  e f fe c t  on the calcium le v e l
- 59 -
In  the  l e a f ,  hu t in c reased  i t  in  the  stem by .08/t which alm ost reached 
s ig n if ic a n c e .
Superphosphate d id  n o t in flu en ce  the calcium  uptake*
Potassium  ch lo rid e  depressed the calcium  le v e l in  the stem by
.OlO3^  b u t had no e f f e c t  in  the le a f .
Magnesium (A20)
The magnesium con ten t of the le a f  was .152^’ and of the  stem 
.l6l^o. Potassium  ch lo rid e  and superphosphate tended to  reduce the 
le v e ls  and ammonium su lp h ate  to  in c re ase  them, a l l  by s ig n if ic a n t  
amounts.
S a lt  reduced the fo Mg in  the  le a f  and the stem by .011 and .009 
re sp e c tiv e ly . S a lt  had a g re a te r  dep ressive  e f fe c t  when app lied  
w ithout potassium  ch lo rid e  and the KS in te ra c t io n  of +.027 in  the stem 
was alm ost s ig n if ic a n t .  E qually , in  the stem th e re  was an alm ost 
s ig n if ic a n t  PS in te ra c t io n  of -.0 2 6 ; s a l t  only depressed the $  Mg in  
the presence of superphosphate.
Ammonium su lphate  in c reased  the ^  Mg in  the  le a f  from .139 to  
.160 ( s ig .  a t  5% le v e l)  bu t did no t a f f e c t  the  le v e l in  the stem.
Superphosphate reduced the le v e l in  the  le a f  from .162 to 
.136 ( s ig .  a t  5i fj le v e l )  bu t d id  n o t a l t e r  the  stem co n ten t.
Potassium  ch lo rid e  a lso  reduced uptake in  the le a f  by .034**/^ 
and was w ithout e f fe c t  on the stem.
Phosphorus (A2l)
The mean ^  P in  the  le a f  was .180 and in  the stem, .210.
V aria tions from p lo t  to  p lo t  in  le a f  P were from .125 to .245 
in  stem P from .170 to  .280.
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S a lt  depressed the  uptake by .00Q*fo in  the le a f  and by .021**^ 
in  the  stem . In  the le a f  th e re  was a marked p o s i t iv e  PS in te ra c t io n
3€ 'of .021 fo. Only in  the absence of superphosphate was s a l t  im portan t 
in  reducing  phosphorus up take.
Ammonium su lp h a te  d id  no t a l t e r  the phosphorus le v e ls .  
Superphosphate i t s e l f  s ig n if ic a n t ly  in c reased  the fo  P in  the le a f  
by . 015*7- and ra is e d  i t  in  the  stem by .008/-'.
Potassium  ch lo rid e  a lso  enhanced the phosphorus con ten ts o f both 
le a f  and stem. In  the form er the  in c rease  from a 3 cwt. dressing, was 
from .175 to  .186 ( s ig . P = .05) and in  the  stem from .200 to .227/^.
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KALE EXPERIMENT 4. 1955.
S ite  E alloch , D um bartonshire.
S o il Red sandstone d r i f t .  Medium loam, f r e e ly  d ra in ed .
Exchangeable Na 45*0 mgs. $
ifo c i t r i c  s o l .  P 4*5 nigs. $  D e fic ie n t.
1fo c i t r i c  s o l .  K 11.0 mgs. fc Low.
pH 6 .0
Previous Croppings
1954 Oats 21 cwt. Ammonium Sulphate
1955 Permanent g rass
V arie ty  Marrow stem.
E e r t i l i z e r  Treatments and Layout
The trea tm en ts  were as fo llo w s;
Superphosphate 0, 3 and 6 cwt. (P0,P1,P2)
Potassium  ch lo rid e  0, 1-jjj- and 3 cwt (K0,K1,K2)
S a lt 0, 3 and 6 cwt. (S0,S1,S2)
These were arranged in  a s tan d ard  3 x 5 x 3 layout of 27 p lo ts  
in  3 blocks of 9» In  a d d itio n , each p lo t  rece iv ed  6 cwt. of ammonium 
su lp h a te .
The crop y ie ld ed  13»5 i°n s  p e r a c re , superphosphate g iv ing  
n o tic e ab le  in c re a se s .
Tables A22 -  A28 p re sen t the  y ie ld  and composition of the sep ara te
tre a tm e n ts .
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Y ields of Fresh and Dry M atte r (A23)
The to t a l  mean y ie ld  of f re sh  k a le  was 13*56 tons and th a t  of 
dry m a tte r , 1*693 to n s . Superphosphate had a la rg e  e f f e c t  on y ie ld .
S a lt  a t  6 cwt. p e r acre  in c reased  th e  y ie ld  of f re sh  k a le  by 
1.27 tons and of dry m a tte r by .085 to n s . There were no marked 
in te ra c t io n s  between s a l t  and o th e r f e r t i l i z e r s  except a neg a tiv e  
ItS in te ra c t io n  of .208 tons o f dry m a tte r .
Superphosphate g re a t ly  in c reased  both the fre sh  and dry  weight
SEXa t  both  ra te s  o f a p p lic a tio n , the form er by 4*71 tons and the l a t t e r  
fry 0*578 ' to n s . There were a p p rec iab le , bu t n o n -s ig n if ic a n t neg ativ e  
PK in te ra c t io n s .
Potassium  ch lo rid e  had only a sm all e f fe c t  on y ie ld .  3 
in c reased  the f re sh  weight fry 0*83 tons and the dry m atte r fry only 
.020 to n s .
Composition of the Pry  M atter 
Sodium (A24)
The mean $  Na in  th e  le a f  was *477 and in  the stem, *582. Very 
la rg e  v a r ia tio n s  were found from p lo t  to  p lo t ,  the range in  the le a f  w«.s 
from .095 to  1 . 270$  and in  th e  stem from .110 to  1*520$.
S a lt  had la rg e  and s ig n if ic a n t  e f fe c ts  on sodium uptake? The
mean $ N a  of the u n tre a ted  p lo ts  was .249 in  the le a f  and *300 in  the 
stem. S a lt  a t  the double r a te  in creased  the le v e ls  to  *651 and .780% 
re sp e c tiv e ly . Both these  d iffe ren c es  and the  sm aller ones r e s u lt in g  
from the 3 cwt. a p p lic a tio n  were h ig h ly  s ig n if ic a n t .  There v^ rere 
la rg e  and s ig n if ic a n t  n eg ative  ES in te ra c t io n s .  These re s u lte d  in
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ss .lt  e x e r tin g  a g re a te r  in flu en ce  on th e  sodium le v e l when ap p lied  
w ithout potassium  c h lo r id e . In  the le a f  the mean $  Na ro se  from 
.282 to  1.062 in  the absence of potassium  bu t from .247 ^0 only 
.317 in  i t s  p resence .
Superphosphate had no o v e ra ll  in flu en ce  on sodium uptake.
Potassium  ch lo rid e  had a la rg e  and very  s ig n if ic a n t  dep ress iv e  
in flu en ce  on the sodium $ in  both le a f  and stem . In  the le a f  the $  Na 
f e l l  from .654 to  #318$ as in c re a s in g  amounts of potassium  were g iven. 
There was a s im ila r  f a l l  in  the stem from *793 to  ,332$.
Potassium  (A25)
The mean con ten t o f potassium  was 2.62$ in  th e  le a f  and 4 ® 14$ in  
the  stem . In d iv id u a l p lo ts  v a ried  in  a n a ly s is  from 1.75 ‘to 3*75$ in  
the  le a f  and from 2.65 to  5*50$  in  the stem, p r in c ip a l ly  due to  
the  in flu en ce  of potassium  c h lo rid e .
S a lt  g e n e ra lly  depressed th e  potassium  conten t of both le a f  and 
stem by about 0 .3 $  when given a t  6 cwt. per a c re . This was ju s t  
s ig n if ic a n t  in  the le a f ,  bu t n o t in  the  stem.
Superphosphate a lso  reduced the potassium  by s im ila r  amounts. 
Potassium  ch lo rid e  i t s e l f  markedly in c reased  the potassium  s ta tu s .  
The $ K  in  the le a f  ro se  from 2.18 to  2.66 and 3*03$ w ith in c reas in g  
le v e ls  of ap p lied  potassium . In  the stem the in c rease s  were from 
3.70 to  4-31 to  4 . 41$ K.
Calcium (A26)
The mean $  Ca in  the le a f  and stem vteere 2.65 and 0o91 re sp e c tiv e ly . 
V aria tions from p lo t  to  p lo t  were sm all.
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Sa.lt tended to  reduce the $  Ca in  th e  le a f  bu t by only 0 .16$ and 
was w ithout e f f e c t  in  the  stem .
Superphosphate d id  n o t in flu en ce  the calcium  con ten t o f the l e a f ,  
bu t reduced th a t  in  the  stem by 0.14  $  when ap p lied  a t  6 cwt. p e r  a c re .
Potassium  ch lo rid e  reduced th e  $  Ca in  the le a f  by 0.25 $ frut was 
w ithout e f f e c t  on the stem.
Magnesium (A27)
Both the le a f  and the  stem had mean magnesium con ten ts  of .163$. 
V aria tion  from p lo t  to  p lo t  was n o t very  g re a t .  O ccasional values as 
low as .100 and as h igh  as .200$ were recorded , but th e re  were no 
s ig n if ic a n t  tre n d s .
S a lt  had l i t t l e  e f f e c t ,  the  tendency being to  reduce the $  Mg by 
le ss  than .010$.
Superphosphate’ s tim u la ted  magnesium uptake in  the le a f ,  the  r i s e  
from the 6 cwt. a p p lic a tio n  being from .148 to  . 172$  b u t th e re  was a 
corresponding red u c tio n  in  the stem from .168 to  .157
Potassium  ch lo rid e  reduced the $  Mg in  the  le a f  from .172 to  .156 
bu t th is  change rev ersed  in  the stem, the in c rease  being from .159 to  
. 16 8$.
Phosphorus (A28)
The mean $  P in  the  le a f  and stem were .212 and .264 re sp e c tiv e ly . 
S a lt  d id no t in flu en ce  the phosphorus uptake.
X fSLiperphosphate i t s e l f  in c reased  the le v e l in  the le a f  by .024 $  
and in  the stem by . O63**$ when ap p lied  a t  6 cwt. per a c re .
Potassium  in creased  the  $■ P s l ig h t ly  in  the  le a f  and reduced i t  
s im ila r ly  in  the stem.
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KALE EXPEPBgHT 5- 1956.
S ite  Eaglesham, R enfrew shire.
S o il Heavy c lay  loam. P oorly  d ra ined .
Ashgrove s e r ie s .
Exchangeable Ha 3*5 mgs. f
i f  c i t r i c  s o l .  P 3*5 mgs. f  D e fic ie n t.
i f  c i t r i c  s o l .  K 5.5  mgs. f  Low.
pH 6 .4
P revious Cropping Permanent g ra s s . R ather poor.
V ariety  Marrow stem
F e r t i l i z e r  Treatm ents and Layout 
The f e r t i l i z e r s  used were
Ammonium Sulphate 0 and 6 cwt. H
Superphosphate 0 and 3 cwt. P
Potassium  C hloride 0 and 2 cwt. K
S a lt  0 and 4 cwt. S
The trea tm en ts were a r r a n g e d  in  4 b lo ck s, each of 8 p lo ts .  Hiere
were thus two re p l ic a te s  of 16 p lo ts  and the NPKS in te ra c t io n  was
confounded ifbween each of them.
The mean y ie ld  of f re s h  kale  was 14*7 tons p e r a c re . There was
a la rg e  response to  superphosphate and sm aller ones to ammonium
su lphate  and potassium  ch lo rid e .
The e f fe c ts  of the f e r t i l i z e r s  on the  y ie ld  and composition of 
the crop a re  given in  Tables A29 -  A35»
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F r e s h  a n d  D r y  H a t t e r  Y i e l d s  (A 30 )
T h e  m ea n  y i e l d s  o f  f r e s h  a n d  d r y  k a l e  w e r e  1 4 * 7 0  a n d  1 * 7 9 5  t o n s  
r e s p e c t i v e l y .  A l l  f e r t i l i z e r s  w i t h  t h e  e x c e p t i o n  o f  s a l t  h a d  
s i g n i f i c a n t  e f f e c t s  o n  y i e l d  a n d  i n  c o n s e q u e n c e  t h e  y i e l d s  o f  k a l e  
v a r i e d  f r o m  9 * 1 2  t o  2 3 * 8 0  t o n s  w i t h  d i f f e r e n t  t r e a t m e n t s .
S a l t  h a d * s m a l l  e f f e c t  o n  y i e l d .  I t  i n c r e a s e d  t h e  w e i g h t  o f  
f r e s h  k a l e  b y  1 * 0 6  t o n s  a n d  o f  d r y  m a t t e r  b y  01 4 9  t o n s .  R a t h e r  
l a r g e r  i n c r e a s e s  w e r e  f o u n d  w h en  s a l t  w a s  a p p l i e d  i n  t h e  a b s e n c e  o f  
r a t h e r  -than  t o g e t h e r  w i t h  o t h e r  f e r t i l i z e r s ,  p a r t i c u l a r l y  p o t a s s i u m  
c h l o r i d e .
3 Q iE  SENEAmmonium s u l p h a t e  i n c r e a s e d  f r e s h  a n d  d r y  y i e l d  b y  1 * 9 5  a n d  * 1 7 9  
t o n s  r e s p e c t i v e l y *  T h e r e  w e r e  m a r k e d  p o s i t i v e  N P i n t e r a c t i o n s  o f
SE1 . 6 9  a n d  . 1 4 4  t o n s  b u t  t h e  N S a n d  NK i n t e r a c t i o n s  w e r e  b o t h  n e g a t i v e  
a n d  am m onium  s u l p h a t e  o n l y  g a v e  s i g n i f i c a n t  y i e l d  i n c r e a s e s  i n  t h e  
a b s e n c e  o f  e i t h e r  s a l t  o r  p o t a s s i u m  c h l o r i d e .
S u p e r p h o s p h a t e  h a d  v e r y  m a r k e d  e f f e c t s  o n  y i e l d .  T h e f r e s h  y i e l d  
w a s  i n c r e a s e d  b y  a s  .m u ch  a s  7 * H ~  t o n s  a n d  t h e  d r y  m a t t e r  b y  
• 8 1 4  - . t o n s .  I n  a d d i t i o n  t o  t h e  p o s i t i v e  NP i n t e r a c t i o n  t h e r e  w e r e  
a l s o  PK i n t e r a c t i o n s  o f  1 . 8 2  t o n s  f o r  t h e  f r e s h  a n d  . 1 7 3  t o n s  f o r  
t h e  d r y  m a t t e r  y i e l d s .
P o t a s s i u m  c h l o r i d e  a l s o  h a d  s i g n i f i c a n t  e f f e c t s  o n  y i e l d ;  t h e  
w e i g h t  o f  f r e s h  k a l e  r o s e  b y  3*40 t o n s  a n d  o f  d r y  m a t t e r  b y  *332 t o n s .
C o m p o s i t io n  o f  t h e  D r y  M a t t e r .
S o d iu m  (A 31 )
T h e  m ea n  ^  N a  i n  t h e  l e a f  a n d  s t e m  w e r e  v e r y  s i m i l a r ,  * 3 4 8  a n d  . 3 4 9
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r e s p e c t i v e l y .  l a r g e  v a r i a t i o n s  o c c u r r e d  f r o m  p l o t  t o  p l o t .  e . g .  I n  
t h e  l e a f ,  . 0 6 5 f  in  an NE p l o t  a n d  1 . 0 7 0  w ith , t h e  P S  t r e a t m e n t .  In  
t h e  s t e m  t h e  a m o u n t s  w e r e  .105  a n & « 8 5 0  r e s p e c t i v e l y .
S a l t  h a d  l a r g e  a n d  v e r y  s i g n i f i c a n t  e f f e c t s  o n  t h e  s o d iu m  u p t a k e .
T h e  m ea n  i n c r e a s e  i n  t h e  l e a f  w a s  .2 6 9 * * ;^  a n d  i n  t h e  s t e m ,  .  1 9 9 * * /-»
I n  b o th , c a s e s  t h e  i n c r e m e n t s  w e r e  l a r g e r  i n  t h e  p r e s e n c e  o f  s u p e r p h o s p h a t  
( . 5 4 9  * a n d  . 2 5 9  )  a n d  i n  t h e  a b s e n c e  o f  p o t a s s i u m  c h l o r i d e . ( . 4O8
a n d  .5 0 9 *  j  T h e  n e g a t i v e  E S i n t e r a c t i o n s  o f  - . 1 5 9 *  i n  t h e  l e a f  a n d  
- . 2 6 6  i n  t h e  s t e m  w e r e  v e r y  l a r g e .
Am m onium  s u l p h a t e  h a d  a  s m a l l  b u t  s i g n i f i c a n t  d e p r e s s i v e  e f f e c t  
o n  t h e  .s o d iu m  c o n t e n t .  T h e  h a  i n  t h e  l e a f  f e l l  b y  * 0 6 5 a n d  i n  
t h e  s t e m  t h e  r e d u c t i o n  w a s  .O o O ^ f . R a t h e r  l a r g e r  d e p r e s s i o n s  i n  t h e  
s t e m  c o n t e n t  w e r e  f o u n d  o n  p l o t s  f r o m  w h ic h  s a l t  o r  s u p e r p h o s p h a t e  
h a d  b e e n  o m i t t e d .
S u p e i p h o s p h a t e  e n h a n c e d  t h e  s o d iu m  u p t a k e  b y  m ean  a m o u n ts  o f  
. 1 2 4 * ^  i n  th e  l e a f  a n d  . 1 1 5 * ^  i n  t h e  s t e m .  O n ly  s m a l l  a n d  n o n ­
s i g n i f i c a n t  i n c r e a s e s  w e r e  f o u n d  f r o m  s u p e r p h o s p h a t e  w h en  s a l t  w a s  
n o t  a p p l i e d ,  b u t  t h e y  w e r e  c o r r e s p o n d i n g l y  l a r g e r  w h en  b o t h  f e r t i l i z e r s  
w e r e  a p p l i e d  t o g e t h e r .  S u p e r p h o s p h a t e  a l s o  i n c r e a s e d  t h e  fo  N a m o r e  
i n  t h e  a b s e n c e  o f  p o t a s s i u m  c h l o r i d e .
P o t a s s i u m  c h l o r i d e  m a r k e d l y  r e d u c e d  th e  f  N a  i n  t h e  l e a f  b y  
- . 2 9 2 * * ^  a n d  i n  t h e  s t e m  b y  - . 2 6 6 * * f .  On p l o t s  w h e r e  s a l t  w a s  a l s o
g i v e n ,  t h e  d e p r e s s i o n s  w e r e  a s  h i g h  a s  - .4 3 1  i n  t h e  l e a f  a n d  
- . 3 7 8  ft  i n  t h e  s t e m ,  b u t  t h e r e  w e r e  n o  m a rk ed  i n t e r a c t i o n s  w i t h  
o t h e r  f e r t i l i z e r s .
P o t a s s i u m  (A 3 2 )
T h e  m ea n  p o t a s s i u m  c o n t e n t  o f  t h e  l e a f  w a s  2 . 1 9 $  a n d  t h a t  o f  t h e  
s t e m ,  3 * 9 1  $ •  C o n s i d e r a b l e  v a r i a t i o n  w a s  f o u n d  f r o m  p l o t  t o  p l o t .
L e v e l s  a s  lo w  a s  1 . 2 0 $  a n d  a s  h i g h  a s  2 * 9 0 $  w e r e  f o u n d  i n  t h e  l e a f  
a n d  i n  t h e  s t e m  t h e  v a r i a t i o n  w a s  f r o m  2 . 6 0  t o  4 . 8 0 $ .
S a l t  w a s  e n t i r e l y  w i t h o u t  i n f l u e n c e  o n  t h e  p o t a s s i u m  u p t a k e ,  
t h e  m ea n  i n c r e a s e s  i n  l e a f  a n d  s t e m  b e i n g  o n l y  . 0 6  a n d  . 1 2 $  r e s p e c t i v e l y .
A m m onium  s u l p h a t e  i n c r e a s e d  t h e  $  K i n  -the l e a f  b y  . 24* $  a n d  b y  
g r e a t e r  a m o u n ts  i n  t h e  a b s e n c e  o f  e i t h e r  s u p e r p h o s p h a t e  o r  p o t a s s i u m  
c h l o r i d e .  T h e l e v e l  i n  t h e  s t e m  w a s  r a i s e d  b y  0 . 5 7 * * $  E  a n d  a g a i n  
l a r g e r  i n c r e a s e s  w e r e  o b t a i n e d  i n  t h e  a b s e n c e  o f  s u p e r p h o s p h a t e  a n d  
p o t a s s i u m  c h l o r i d e .  T h e  n e g a t i v e  NP a n d  NK i n t e r a c t i o n s  f o r  t h e  s t e m  
w e r e  b o t h  s i g n i f i c a n t .
S u p e r p h o s p h a t e  m a r k e d ly  r e d u c e d  t h e  p o t a s s i u m  l e v e l s .  T h e  m ean  
f a l l s  i n  $  K v /e r e  -< ,41* * $  i n  t h e  l e a f  a n d  - . 25* K$  i n  th e  s t e m .
R a t h e r  l a r g e r  d e p r e s s i o n s  ( - .6 5  a n d  - . 4 7  /V  w e r e  f o u n d  o n  p l o t s  
t o  w h ic h  am m onium  s u l p h a t e  w a s  a l s o  g i v e n .
P o t a s s i u m  c h l o r i d e  i t s e l f  g r e a t l y . e n h a n c e d  t h e  p o t a s s i u m  u p t a k e .  
I n c r e a s e s  o f  . 8 8  i n  t h e  l e a f  a n d  1 . 1 2  i n  t h e  s t e m  w e r e  f o u n d .
I n  t h e  a b s e n c e  o f  n i t r o g e n ,  e v e n  g r e a t e r  s t i m u l a t i o n  w a s  r e c o r d e d .
C a lc iu m  (A 33 )
T h e  m ea n  $  Ca i n  t h e  l e a f  w a s  2 . 9 5 $  a n d  i n  t h e  s t e m ,  1 . 0 7 $ .
S a l t  r e d u c e d  t h e  c a l c i u m  c o n t e n t  o f  t h e  l e a f  s i g n i f i c a n t l y  
( - . 2 7 * * $ )  a n d  e v e n  l a r g e r  r e d u c t i o n s  w e r e  f o u n d  i n  t h e  a b s e n c e  o f  
am m onium  s u l p h a t e  o r  p o t a s s i u m  c h l o r i d e  o r  i n  t h e  p r e s e n c e  o f  
s u p e r p h o s p h a t e .  S a l t  h a d  a  s m a l l e r  a n d  m o r e  c o n s i s t e n t  d e p r e s s i v e
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i n f l u e n c e  o n  t h e  $  Ca i n  t h e  s t e m .
Am m onium  s u l p h a t e  i n c r e a s e d  t h e  c a l c i u m  l e v e l s  o f  b o t h  l e a f  a n d  
s t e m  b y  . 1 0  a n d  . 0 7 $  r e s p e c t i v e l y .  T h e r e  w e r e  r a t h e r  l a r g e r  i n c r e a s e s  
i n  l e a f  c a l c i u m  f r o m  am m onium  s u l p h a t e  g i v e n  i n  t h e  p r e s e n c e  o f  s a l t  
o r  i n  t h e  a b s e n c e  o f  p o t a s s i u m  c h l o r i d e .
S u p e r p h o s p h a t e  i n c r e a s e d  t h e  °jc Ca i n  t h e  l e a f  b y  0 . 2 6  *$ , b u t  w a s
w i t h o u t  e f f e c t  o n  t h e  s t e m .  T h e r e  w a s  a  s i g n i f i c a n t  P S  i n t e r a c t i o n
o f  - . 17* $  i n  t h e  l e a f .
P o t a s s i u m  c h l o r i d e  d i d  n o t  a l t e r  t h e  o v e r a l l  c a l c i u m  l e v e l  i n  t h e  
s t e m ,  b u t  t h e r e  w a s  a  s i g n i f i c a n t  n e g a t i v e  PK i n t e r a c t i o n  o f  
I t  r e d u c e d  t h e  a m o u n t o f  c a l c i u m  i n  t h e  l e a f  b y  - . 1 6 * $ .  I n  t h e  
a b s e n c e  o f  s a l t  t h e  f a l l  w a s  - • 3 9 36^ $ ’» i n  t h e  a b s e n c e  o f  s u p e r p h o s p h a t e ,  
- . 25* $ ,  a n d  i n  t h e  p r e s e n c e  o f  am m onium  s u l p h a t e ,  - • 5 9 3Be$»
M a g n e s iu m  (A 54 )
T h e  m ea n  $  M g i n  t h e  l e a f  a n d  s t e m  w e r e  .  140 a n d  . 2 0 0  r e s p e c t i v e l y .  
T h e r e  w a s  v e r y  l i t t l e  v a r i a t i o n  f r o m  o n e  t r e a t m e n t  t o  a n o t h e r .
S a l t  r e d u c e d  t h e  $  Ivig i n  t h e  l e a f  b y  . 0 0 6  a n d  i n  t h e  s t e m  b y  . 0 1 2 .
A s i g n i f i c a n t  d e c r e a s e  o f  . 0 2 5 * $  w a s  f o u n d  i n  t h e  l e a f  w h e r e  s a l t  a n d  
am m onium  s u l p h a t e  w e r e  a p p l i e d  t o g e t h e r .
Am m onium  s u l p h a t e  h a d  l i t t l e  o v e r a l l  e f f e c t  o n  t h e  m a g n e s iu m  • 
c o n t e n t  o f  t h e  l e a f ,  b u t  t h e r e  w a s  a n e g a t i v e  N S i n t e r a c t i o n  o f  .0 1 7 *
' 3€I t  i n c r e a s e d  t h e  $  Mg i n  t h e  s t e m  b y  . 0 1 5  a n d  a  l a r g e r  i n c r e a s e  o f
3€.026  w a s  f o u n d  w h en  am m onium  s u l p h a t e  w a s a p p l i e d  i n  t h e  a b s e n c e  o f  
p o t a s s i u m  c h l o r i d e .
S u p e r p h o s p h a t e  r a i s e d  t h e  m ean  $  Mg b y  . 0 1 2  i n  t h e  l e a f  a n d  b y
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a n d  b y  . 0 0 4  i n  "the s t e m .  A g a i n ,  i n  t h e  l e a f  t h e  i n c r e a s e  w a s  
l a r g e r  ( . 0 2 2 * $ )  i n  t h e  a b s e n c e  o f  p o t a s s i u m  c h l o r i d e .
P o t a s s i u m  c h l o r i d e  i n c r e a s e d  t h e  $  M g i n  t h e  l e a f  b y  .0 0 4 >  b u t
r e d u c e d  i t  b y  a  s i m i l a r  q u a n t i t y  i n  t h e  s t e m .
P h o s p h o r u s  ( A 3 5 )
T h e  l e a f  h a d  a  m e a n - c o n t e n t  o f  . 2 3 4 $ 3 ?  a n d  o f  t h e  s t e m  w a s  . 2 8 0 .  
T h e r e  w a s  l i t t l e  v a r i a t i o n  f r o m  p l o t  t o  p l o t .
S a l t  g e n e r a l l y  d e p r e s s e d  t h e  u p t a k e  o f  p h o s p h o r u s .  I n  t h e  l e a f  
t h e  f a l l  w a s  . 0 0 3 $  a n d  i n  t h e  s t e m ,  . 0 2 2 $ .  T h e r e  w a s  a  s i g n i f i c a n t
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n e g a t i v e  ITS i n t e r a c t i o n  o f  - . 0 2 5  7° i n  t h e  l e a f .
Am m onium  s u l p h a t e  a l s o  r e d u c e d  t h e  p h o s p h o r u s  u p t a k e ,  b y  . 0 0 8
i n - t h e  l e a f  a n d  . 0 1 1  i n  t h e  s t e m .  T h e  NP i n t e r a c t i o n  o f  - . 0 2 2 $
w a s  s i g n i f i c a n t  (P  =  . 05 ) .
S u p e r p h o s p h a t e  i t s e l f  h a d  s m a l l  i n c r e m e n t a l  e f f e c t s  o n  b o t h  l e a f  
a n d  s t e m  ( . 0 0 4  a n d  . 0 1 8 $  r e s p e c t i v e l y ) .  L a r g e r  i n c r e a s e s  o f  . 0 3 7 *  
a n d  . 046* $  w e r e  f o u n d  i n  t h e  s t e m  i n  t h e  a b s e n c e  o f  s a l t  a n d  p o t a s s i u m  
c h l o r i d e  r e s p e c t i v e l y .
P o t a s s i u m  c h l o r i d e  h a d  n o  o v e r a l l  i n f l u e n c e  o n  t h e  p h o s p h o r u s  
u p t a k e ;  t h e r e  w e r e  r e d u c t i o n s  o f  . 0 0 8 $  i n  t h e  l e a f  a n d  . 0 0 6 $  i n  t h e  
s t e m .
KALB 5XPMB1EM? 6 .  1 956 .
S i t e  C o c h n o , D u m b a r t o n s h i r e .
S o i l  H e a v y  lo a m , d e e p ,  f r e e l y  d r a i n e d .
E x c h a n g e a b l e  H a 8 . 5  m g s .  %
l / o  c i t r i c  s o l .  P  7 * 5  & g s .  °/u L ow .
I /o  c i t r i c  s o l .  K 1 8 . 5  m g s .  $  S a t i s f a c t o r y .
P r e v i o u s  C r o p p in g
1 9 5 5  O a t s  N .P .K .  f e r t i l i z e r .
1 9 5 4  G r a s s
V a r i e t y  T h o u s a n d  h e a d .
F e r t i l i z e r  T r e a t m e n t s  a n d  L a y o u t
T h e  t r e a t m e n t s  w e r e  a s  f o r  'E x p e r im e n t  5* i . e .  a  5 2  p l o t  l a y o u t  
i n  4  b l o c k s  o f  8  i n c l u d i n g  a l l  c o m b i n a t i o n s  o f  t h e  p r e s e n c e  a n d  
a b s e n c e  o f  am m onium  s u l p h a t e  ( 6  c w t . ) ,  s u p e r p h o s p h a t e  ( 3  c w t . ) ,  
p o t a s s i u m  c h l o r i d e  ( 2  c w t . )  a n d  s a l t  (4  c w t . ) .  T h e  NPKS i n t e r a c t i o n  
w a s  c o n f o u n d e d  b e t w e e n  e a c h  o f  t h e  tw o  c o m p l e t e  r e p l i c a t e s .
T h e  c r o p  y i e l d e d  1 9 * 6  t o n s / a c r e .  Ammonium s u l p h a t e  a n d  
s u p e r p h o s p h a t e  b o t h  g a v e  s m a l l  i n c r e a s e s  i n  y i e l d .
A p p e n d ix  T a b l e s  A 36 -  A42 d e t a i l  t h e  e f f e c t s  o f  f e r t i l i z e r s  o n  
c r o p  y i e l d  a n d  c o m p o s i t i o n .
F r e s h  a n d  D r y  M a t t e r  Y i e l d s  (A 37 )
T h e  m ean  y i e l d s  o f  f r e s h  a n d  d r y  k a l e  w e r e  1 9 . 6 0  a n d  2 . 4 4 3  t o n s  
r e s p e c t i v e l y .  Ammonium s u l p h a t e  a n d  s u p e r p h o s p h a t e  h a d  s m a l l  b u t  
s i g n i f i c a n t  e f f e c t s  o n  y i e l d .
S a l t  g e n e r a l l y  d e p r e s s e d  t h e  y i e l d ,  t h e  r e d u c t i o n  i n  f r e s h  w e i g h t
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being 0.35 tons.
A m m onium  s u l p h a t e  s i g n i f i c a n t l y  i n c r e a s e d  t h e  y i e l d  o f  f r e s h  
( 2 . 0 2 s *  t o n s )  a n d  d r y  ( . 2 1 0 *  t o n s )  k a l e .  I t  i n c r e a s e d  t h e  y i e l d  
m o r e  i n  t h e  a b s e n c e  o f  s a l t  o r  p o t a s s i u m  c h l o r i d e .  T h e r e  w a s  a
5636s i g n i f i c a n t  p o s i t i v e  IIP i n t e r a c t i o n  o f  I .36  t o n s  f o r  t h e  f r e s h  k a l e .
S u p e r p h o s p h a t e  a l s o  i n c r e a s e d  t h e  y i e l d  o f  f r e s h  k a l e  s i g n i f i c a n t l y  
b y  1 . 2 8  t o n s  b u t  t h e  d r o p  i n  D .M ./-  r e s u l t e d  i n  a  c o r r e s p o n d i n g l y  
s m a l l e r  a n d  n o n - s i g n i f i c a n t  d r y  w e i g h t  i n c r e a s e .  S u p e r p h o s p h a t e  w a s  
m o s t  e f f e c t i v e  i n  t h e  a b s e n c e  o f  s a l t  o r  p o t a s s i u m  c h l o r i d e  a n d  w h en  
g i v e n  i n  a s s o c i a t i o n  w i t h  am m onium  s u l p h a t e .
P o t a s s i u m  c h l o r i d e  h a d  s m a l l  o v e r a l l  i n c r e m e n t a l  e f f e c t s  o n  
f r e s h  ( O .62 )  a n d  d r y  ( . 0 1 9 )  m a t t e r .  L a r g e r  i n c r e a s e s  w e r e  f o u n d  i n  
t h e  p r e s e n c e  o f  s a l t  o r  i n  t h e  a b s e n c e  o f  e i t h e r  am m onium  s u l p h a t e  o r  
s u p e r p h o s p h a t e .
C o m p o s i t io n  o f  t h e  D r y  M a t t e r  
S o d iu m  ( A 3 8 )
T h e  m ea n  s o d iu m  c o n t e n t  o f  t h e  l e a f  w a s  . 1 3 0  a n d  o f  t h e  s t e m ,
. 1 0 6 .  I n d i v i d u a l  p l o t s  d i f f e r e d  g r e a t l y  f r o m  e a c h  o t h e r .  T h e  
m in im u m  v a l u e s  i n  t h e  l e a f  a n d  s t e m  r e s p e c t i v e l y  w e r e  .040  a n d  .025 
f o r  a  FK p l o t  a n d  t h e  m axim um  a m o u n ts  w e r e  .405  a n d  . 2 8 5  T o r  a n  N S  p l o t .
S a l t  g r e a t l y  i n c r e a s e d  t h e  l/c  N a  i n  b o t h  l e a f  a n d  s t e m ,  t h e  
r e s p e c t i v e  i n c r e m e n t s  b e i n g  .048  Tc a n d  .040  g .
A m m onium  s u l p h a t e  h a d  e v e n  g r e a t e r  e f f e c t s .  T h e  r i s e  i n  l e a f
3 0 = ,  3€3£ j
s o d iu m  w a s  . 0 8 2  a n d  i n  s t e m  s o d iu m  . 0 5 6  °/o.
S u p e r p h o s p h a t e  d i d  n o t  i n f l u e n c e  t h e  s o d iu m  u p t a k e .
P o t a s s i u m  c h l o r i d e  m a r k e d ly  d e p r e s s e d  t h e  s o d iu m  l e v e l s ;  t h e  
r e d u c t i o n s  i n  l e a f  a n d  s t e m  w e r e  . 043* *  a n d  . 037**?-' r e s p e c t i v e l y .
I n  t h e  l e a f ,  t h e  r e d u c t i o n  w a s  g r e a t e r  ( - .  057* * ^ )  o n  p l o t s  w i t h o u t  
s u p e r p h o s p h a t e  a n d  i n  t h e  s t e m  t h e  d e c r e a s e  w a s  g r e a t e r  ( - . 0 5 6 * * $ )  
i n  t h e  a b s e n c e  o f  s a l t .
P o t a s s i u m  ( A 3 9 )
T h e  m ea n  $  K i n  t h e  l e a f  w a s  3 » 1 7  a n d  i n  t h e  s t e m ,  2 .8 ,8 .  T h e
p l o t  t o  p l o t  v a r i a t i o n  w a s  f r o m  2.50  t o  3«90 i n  t h e  l e a f  a n d  f r o m
1 . 9 5  To 3 . 3 5  i n  t h e  s t e m .
S a l t  d i d  n o t  a f f e c t  t h e  7  K i n  t h e  l e a f  b u t  s i g n i f i c a n t l y  i n c r e a s e d
t h e  l e v e l  i n  t h e  s t e m  b y  0 .2 2 /%  I n  t h e  s t e m ,  t h e r e  w a s  a  m a r k e d  
KSI .
n e g a t i v e / i n t e r a c t i o n  o f  - 0 . 1 6  7- w h ic h  l e d  t o  a  m uch g r e a t e r  i n c r e a s e  
s 0 . 38 p K ; o n  p l o t s  t o  w h ic h  n o  p o t a s s i u m  c h l o r i d e  h a d  b e e n  g i v e n .
‘ Am m onium  s u l p h a t e  d i d  n o t  a l t e r  p o t a s s i u m  u p t a k e .  T h e r e  w a s  a  
s m a l l  i n c r e a s e  o f  Q . O l f  i n  t h e  s t e m  a n d  a  s m a l l  r e d u c t i o n  o f  0 .0 5 /^  i n  
t h e  l e a f .
S u p e r p h o s p h a t e  d e p r e s s e d ,  t h e  p o t a s s i u m  c o n t e n t  o f  b o t h  l e a f  a n d  
s t e m ,  p a r t i c u l a r l y  i n  t h e  a b s e n c e  o f  n i t r o g e n .  I n  t h e  l e a f  t h e  
r e d u c t i o n  w a s  - 0 . 14/- a n d  i n  t h e  s t e m  i t  r e a c h e d  s i g n i f i c a n c e  a t  - 0 . 2 7 * * / 9 .
P o t a s s i u m  c h l o r i d e  i t s e l f  h a d  a  m a r k e d  i n f l u e n c e  o n  p o t a s s i u m  
u p t a k e .  T h e  i n c r e a s e  i n  t h e  l e a f  w a s  0 .2 5 * /^  a n d  i n  t h e  s t e m  0 . 1 6$ .
T h e s e  r i s e s  w e r e  m u ch  g r e a t e r  ( 0 . 40*  a n d  0 . 3 2 * *  r e s p e c t i v e l y )  w h en  
n o  s a l t  w a s  a p p l i e d .
C a lc iu m  (A 4 0 )
T h e  m ean  f- Ca o f  t h e  l e a f  a n d  s t e m  w e r e  2 . 7 6  a n d  0 . 8 4 7  r e s p e c t i v e l y .
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F e r t i l i z e r s  i n  g e n e r a l  h a d  o n l y  s m a l l  e f f e c t s  o n  c a l c i u m  u p t a k e .
S a l t  i n c r e a s e d  t h e  c a l c i u m  c o n t e n t  o f  t h e  l e a f  b y  . 0 6  a n d  o f  t h e  
s t e m  b y  . 04?n
Am m onium  s u l p h a t e  t e n d e d  t o  r e d u c e  t h e  c a l c i u m  l e v e l  i n  t h e  l e a f
SIM *b u t  r a i s e d  t h e  c o n t e n t  o f  t h e  s t e m  b y  . 0 8  / ! .  I n  t h e  s t e m ,  t h e
g r e a t e s t  i n c r e a s e s  w e r e  i n  t h e  a b s e n c e  o f  s a l t  ( C . l l * 35^ )  a n d  i n  t h e  
a b s e n c e  o f  p o t a s s i u m  c h l o r i d e  n e g a t i v e  HK i n t e r a c t i o n
w a s  s i g n i f i c a n t .
S u p e r p h o s p h a t e  i n c r e a s e d  t h e  Ca i n  b o t h  t h e  l e a f  a n d  t h e  s t e m  
b y  , 0 7  a n d  . 0 4 y  r e s p e c t i v e l y .  I n  t h e  l e a f  t h e r e  w a s  a  l a r g e  n e g a t i v e  PIC 
i n t e r a c t i o n  o f  - . 1 8 / d  S u p e r p h o s p h a t e  t h u s  i n c r e a s e d  t h e  c a l c i u m  l e v e l  
o f  t h e  l e a f  i n  t h e  a b s e n c e  o f  p o t a s s i u m  c h l o r i d e ,  b u t  \d ie n  b o t h  w e r e  
a p p l i e d  t o g e t h e r  t h e r e  w a s a  f a l l  i n  t h e  c a l c i u m  s t a t u s .  I n  t h e  s t e m  
h o w e v e r ,  t h e  h i g h e s t  l e v e l s  o f  c a l c i u m  w e r e  f o u n d  o n  t h e  p l o t s  r e c e i v i n g  
s u p e r p h o s p h a t e  a n d  p o t a s s i u m  c h l o r i d e  t o g e t h e r .
P o t a s s i u m  c h l o r i d e  r e d u c e d  t h e  Ca i n  t h e  l e a f  b y  a  m ean  a m o u n t  
o f  - . 0 7 $ .  T h e  e f f e c t  w a s  m uch m o re  m a r k e d  ( - . 2 5 1 )  i n  t h e  p r e s e n c e  
o f  s u p e r p h o s p h a t e .  P o t a s s i u m  c h l o r i d e  a p p l i c a t i o n  d i d  n o t  a l t e r  t h e  
c a l c i u m  l e v e l  i n  t h e  s t e m .
M a g n e s iu m  (A 4 I )
T h e  m ean  $  K g  w a s  . 1 1 3  i n  t h e  l e a f  a n d  * 1 1 9  i n  t h e  s t e m .
S a l t  h a d  n o  e f f e c t  011 t h e  m a g n e s iu m  c o n t e n t  o f  e i t h e r  l e a f  o r
s t e m .
Ammonium s u l p h a t e  i n c r e a s e d  t h e  % Mg i n  t h e  l e a f  b y  . 0 0 9  a n d  i n  
t h e  s t e m  b y  . 004*
S u p e r p h o s p h a t e  d i d  n o t  p .I t e r  t h e  m a g n e s iu m  c o n t e n t  o f  t h e  s t e m
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b u t  r e d u c e d  t h a t  o f  t h e  l e a f  b y  •O O 'j f ,
P o t a s s i u m  c h l o r i d e  r e d u c e d  b o t h  l e a f  a n d  s t e m  p o t a s s i u m ,  t h e  /
f o r m e r  b y  .007  a n d  t h e  l a t t e r  b y  . 004$ .
P h o s p h o r u s  (A 42 )
T h e  m ea n  p h o s p h o r u s  c o n t e n t  o f  t h e  l e a f  w a s  . 2 Q&ft a n d  o f  t h e  s t e m s ,
•3 8 8 % . F e r t i l i z e r s  h a d  o n l y  s m a l l  e f f e c t s .
*£ 'S a l t  i n c r e a s e d  t h e  l e v e l s  i n  t h e  l e a f  a n d  s t e m  b y  . 0 3 3  a n d . 0 1 7 " ^  
r e s p e c t i v e l y .  I n  e a c h  c a s e  t h e  i n c r e a s e s  w e r e  g r e a t e r  i n  t h e  p r e s e n c e  
o f  s u p e r p h o s p h a t e  o r  p o t a s s i u m  c h l o r i d e .  T h e r e  w a s  a  s i g n i f i c a n t  
n e g a t i v e  N S i n t e r a c t i o n  o f  - . 030“ i n  t h e  s t e m .
A m m onium  s u l p h a t e  a l s o  i n c r e a s e d  t h e  p h o s p h o r u s  l e v e l  t o  a  g r e a t e r
e x t e n t  i n  t h e  l e a f ( . 030^-) t h a n  i n  t h e  s t e m  ( . 0 1 1 / C ) .  I n  a d d i t i o n  t o  
t h e  n e g a t i v e  ITS i n t e r a c t i o n  t h e r e  w a s  a l s o  a  s i g n i f i c a n t  HP i n t e r a c t i o n  
i n  t h e  s t e m  o f  . 0 1 6 ^ .
S u p e r p h o s p h a t e  i t s e l f  h a d  o n l y  a  v e r y  s m a l l  i n f l u e n c e  o n  p h o s p h o r u s  
u p t a k e ,  i n c r e a s e s  o f  ,014  a ^ d  . 0 1 1  b e i n g  f o u n d  i n  t h e  l e a f  a n d  s t e m  
r e s p e c t i v e l y .  I n  t h e  l e a f ,  l a r g e r  i n c r e m e n t s  w e r e  f o u n d  i n  t h e  
p r e s e n c e  o f  e i t h e r  s a l t  o r  p o t a s s i u m  c h l o r i d e .
P o t a s s i u m  c h l o r i d e  i n c r e a s e d  t h e  /o P  i n  t h e  l e a f  b y  a  m ea n  v a l u e  
o f  . 018^C b u t  r e d u c e d  i t  b y  a  s i m i l a r  a m o u n t i n  t h e  s t e m .
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K A I  3 E X P E R I  1,1 E IT T S S U M M A R Y
E ffe c ts  on T o ta l Y ie ld .
Table 14 d e ta i l s  the main e f fe c ts  and in te ra c t io n s  of a l l  s ix  
experim ents fo r  the  y ie ld s  of f re sh  and dry m a tte r .
T a b le  14 .
Y ields of F resh and Dry M atter of Kale ( to n s ) . 



























1 7 . 8 9
1 . 9 8 9
4 . 2 9
• 2 7 8
2.85"“
.291
0 . 4 8
.095
0 . 8 7
. 0 9 9 3
0 . 4 3
.011
- 0 . 2 4
- . O 64
1 . 1 8
.160
■ 0 .0 7
.0 2 8
- 1 . 3 7
- . 0 9 3
- 1 .4 3




1 . 8 8 2
3636
6 . 2 5
.510
1 . 2 7
.110
0 .50
. 0 6 3
0 . 9 5

































. 2 0 6
0 .2 0
- .0 2 0
- 0 . 7 7
- . 0 9 9
0 .2 0
- . 0 7 4





1 . 6 9 3
4.71
. 5 7 8
0 . 6 3
.020





1 . 7 9 3
1 . 9 3 “
*  ^ 3636
7 . 1 1
.8 1 4 * *
3 . 4 0
.3 3 2 * *
1.06
. 1 4 9
I - 2 . 0 6  
! - . 3 2 9  
| 0 . 0 5  
- . 0 5 4  
0.62  
- . 2 0 8
1 . 69s 1 . 3 6 *
.144 . 0 5 6
- 1.04 - 0.30
- .0 5 4 - . 0 7 9
- 0 . 2 2 - O .56
- 0 8 £ - .0 3 11 . 8 2 - 0 . 7 7
. 1 7 3 - . 0 6 1
- 0 . 1 5 ” 0 . 5 5
- . 0 0 9  I - .1 1 4
- O .32 0 . 2 8
- . 0 8 8  i .015
19.60
2 . 4 4 3
2 . 02**
. 210*
1 . 2 8 * *
.115
0,62
. 0 1 9
- 0 . 3 5
-.016
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S a lt .
F ive of the s ix  experiments gave in crea ses  in  y ie ld  o f approxim ately  
1 .0  tons o f fre sh  k a le . Three were s ig n if ic a n t  and there were 
comparable in creases  in  the dry m atter. Only one o f the s i t e s  (Expt. 5 * )  
was on a s o i l  markedly d e f ic ie n t  in  r e a d ily  so lu b le  potassium  and only  
that one gave a large and s ig n if ic a n t  response to potassium  ch lo r id e .
The remaining experiment (ho. 6) showed a sm all lo s s  in  crop o f 0 .35  
to n s. This s o i l  had the h ig h e s t  r e a d ily  so lu b le  pbtassium  con ten t.
I t  would th erefore arjpear th a t d ressin gs o f s a l t  in  the order of 
4 cwt. per acre can produce an extra ton o f  fresh  k a le  except on s o i l s  
which are very w e ll supplied  with potassium . In only, one case  
^Expt. 5)dj-(i  the extra y ie ld  from 2 cwt. o f  potassium  ch lor id e  exceed  
th at from 4 cwt. o f s a l t ,  th is  being the s in g le  experiment where there  
was a large  and s ig n if ic a n t  response to added potassium . In gen era l, 
the responses from potassium  ch lorid e were about h a lf  those from 
s a l t .
S a lt  and potassium  ch lor id e  norm ally in tera c ted  n e g a tiv e ly  with  
each other as might be expected. The s iz e  o f  the in te r a c tio n s  was 
not r e la te d  to  the separate responses to s a l t  or potassium  ch lo r id e .
3£3£In experiment 2 the in te r a c tio n  was as large as -3*00 ton s.
Ammonium Sulphate.
In each experiment there were very s ig n if ic a n t  returns from
3QEammonium su lp hate . They d id , however, vary from an in crease o f 1.95 tons 
from a 6 cwt. d ressin g  (Expt. 5) to 7*75** tons from an 8 cwt. one 
(Expt. 3 ) .  The fresh  y ie ld  increments were a l l  h ig h ly  s ig n if ic a n t
(P = 0 .01 ) but as there was a consequent drop in  dry matter f', the dry
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w e i g h t  i n c r e a s e s  v /e r e  f r e q u e n t l y  s i g n i f i c a n t  a t  t h e  5 / l e v e l  o n l y .
E a t h e r  s u r p r i s i n g l y ,  t h e r e  w e r e  n o  m a r k e d  FK i n t e r a c t i o n s .  I n d e e d ,  
t h e y  w e r e  u s u a l l y  n e g a t i v e .  I n  v i e w  o f  t h e  h i g h  l e v e l  o f  p o t a s s i u m  
i n  t h e  d r y  m a t t e r  o f  k a l e  a n d  t h e  t o t a l  t o  b e  r e m o v e d  p e r  a c r e ,  i t  
m i g h t  h a v e  b e e n  e x p e c t e d  t h a t  t h e  UK i n t e r a c t i o n s  w o u ld  h a v e  b e e n  a s  
m a r k e d  a s , :  f o r  e x a m p l e ,  i s  f r e q u e n t l y  t h e  c a s e  w i t h  p o t a t o e s .  E q u a l l y ,  
i n  v i e w  o f  t h e  r e t u r n s  f r o m  s a l t ,  t h e r e  m i g h t  h a v e  b e e n  so m e  c o n s i s t e n c y  
i n  t h e  ITS i n t e r a c t i o n s .
T h e r e  w e r e  h o w e v e r ,  tw o  s i g n i f i c a n t  HP i n t e r a c t i o n s .  T h e s e  w e r e  
i n  E x p e r im e n t s  5 a n d  6  w h e r e  t h e  r e s p o n s e s  t o  n i t r o g e n  w e r e  s m a l l  a n d  
w h e r e  b o t h  h a d  s i g n i f i c a n t  i n c r e a s e s  d u e  t o  s u p e r p h o s p h a t e .
S u p e r p h o s p h a t e .
T h e  . f o u r  s o i l s  w i t h  t h e  l o w e s t  a n d  m o s t  d e f i c i e n t  r e a d i l y  s o l u b l e  
p h o s p h o r u s  l e v e l s  g a v e  s i g n i f i c a n t  r e s p o n s e s  t o  s u p e r p h o s p h a t e .  T h e  
tw o  w i t h  the h i g h e s t ,  ( b u t  s t i l l  q u i t e  l o w )  c o n t e n t s  g a v e  s m a l l e r  a n d  
n o n - s i g n i f i c a n t  i n c r e a s e s .  T h e r e  w a s  a  r e a s o n a b l e  c o r r e l a t i o n  
b e t w e e n  s o i l  a n a l y s i s  a n d  t h e  r e s r j o n s e s  t o  6  c w t .  o f  s u p e r p h o s p h a t e .
( t o n s )E x p e r im e n t  1% C i t r i c  S o l  P  E x t r a  K a l e
(m g s . $ )
5X 3*5 D e fic ien t 7»H 3S€
4 4*5 D e fic ien t 4«71*3€
1 D efic ien t 2.85"
6 X 7 . 5  Low 1 . 2 8 * *
2 1 0 . 0  Low 1 . 2 7
3 12.5 S a tis fa c to ry  0.34
3 c w t .  s u p e r p h o s p h a t e  o n l y .  
T h e r e  w e r e  n o  r e a u l a r  P S  i n t e r a c t i o n s .
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P o t a s s i u m  C h lo r id e *
Only in  E x p e r im e n t  5 o n  t h e  m o s t  d e f i c i e n t  s o i l  w a s  a  l a , r g e  a n d
/  5£3€ \s i g n i f i c a n t  r e s p o n s e  ( 3 * 4  t o n s )  o b t a i n e d .  T h e  o t h e r  i n c r e a s e s  r a n g e d  
f r o m  0 .42  t o  0 . 8 3  t o n s  a l t h o u g h  n o n e  o f  t h e  s o i l s  c o u l d  b e  c o n s i d e r e d  
w e l l  s u p p l i e d  w i t h  r e a d i l y  s o l u b l e  p o t a s s i u m .
T h e r e  w a s  n o  r e a l  c o r r e l a t i o n  b e t v / e e n  c i t r i c  s o l u b l e  p o t a s s i u m  
a n d  r e s p o n s e  i n  t e r m s  o f  e x t r a ,  k a l e  t o  3  c w t .  o f  p o t a s s i u m  c h l o r i d e  
f r o m  t h i s  l i m i t e d  n u m b e r  o f  e x p e r i m e n t s .
E x p e r im e n t  Y 'l C i t r i c  S o l .  T  E x t r a  K a l e  ( t o n s )
( m g s . r o
5X 5 . 5 Low 3 . 4O **
4 1 1 . 0 Low 0 . 8 3
6 X 1 8 . 5 S a t i s f a c t o r y 0.62
2 9 . 0 Low 0 .50
1 8.5 Low O.48
3 1 2 . 5 S a t i s f a c t o r y O.42
X 2  c w t .  p o t a s s i u m  c h l o r i d e  o n l y .
O n ly  i n  E x p e r im e n t  5 w h e r e  t h e r e  w e r e  t h e  l a r g e s t  r e s p o n s e s  t o  
b o t h  p o t a s s i u m  c h l o r i d e  a n d  s u p e r p h o s p h a t e  w a s  t h e r e  a  s i g n i f i c a n t  PK 
i n t e r a c t i o n  ( + 1 . 8 2 35 t o n s ) .  T h i s  w a s  i n  f a c t  t h e  o n l y  p o s i t i v e  o n e
a n d  a l l  t h e  e t h e r s  w e r e  n e g a t i v e .
E f f e c t s  o n  P l a n t  C o m p o s i t i o n .
S o d iu m
T a b le  1 5 s u m m a r is e s  t h e  e f f e c t s  o f  f e r t i l i z e r s  o n  t h e  s o d iu m  c o n t e n t
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Table 15*
Dry M atter Composition o f K ale. $ N a . Main E ffe c ts  and
In te ra c t io n s .
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S a lt  has c o n s is te n tly  in c reased  the  sodium le v e l in  the  crop, 
both le a f  and stem being equally  a f fe c te d . The increm ents v a ried  from 
about .050fo Na to  about .45Qfc Na from one experiment to  an o th er.
Uie sm a lle s t in c reases  were g en era lly  a sso c ia ted  w ith the  low est mean 
sodium le v e ls .  In each case the  increm ents were h ig h ly  s ig n if ic a n t  
and a t  le a s t  5 ^  ^ ie mean co n ten ts .
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Ammonium su lp h a te  in c reased  -the sodium le v e l in  fo u r out o f f iv e  
experim ents by la rg e  and s ig n if ic a n t  amounts, u s u a lly  in  th e  same 
o rd er as those  produced by s a l t .  The magnitude of the sep a ra te  
in c rease s  showed some c o r re la t io n  w ith  the  y ie ld  response r e s u l t in g  
from the  ammonium su lp h ate  trea tm en t.
Experiment Y ield In c rease  ( to n s) In c rease  in  fo Na
from Ammonium S u lphate .
Leaf Stem.
5 1.93 -.O 65* -.060*
6 2.02 +.082** +.O56**
1 4.29 +.154** +.210**
2 6.23 +.297** +.286**
3 7.75 +.309** +.266**
!0ie in c rease  in  th e  sodium le v e l r e s u l t in g  from the  u se  of 
ammonium su lp h a te  can th e re fo re  be a sso c ia te d  w ith i t s  e f fe c ts  on 
prom oting growth.
Superphosphate had v a ria b le  e f fe c ts  on the sodium up take. Two 
experim ents (Nos. 1 and 5 ) re s u lte d  in  s ig n if ic a n t  in c re a se s , and 
both th ese  were crops which responded w ell in  y ie ld  to  superphosphate. 
Ctn the  o th e r hand, th e re  was a good y ie ld  increm ent in  Experiment 4 
bu t no consequent in c rease  in  ^  Na. Ihere  was l i t t l e  e f fe c t  from 
superphosphate on sodium uptake where th e re  was no marked response in  
y ie ld .
Potassium  ch lo rid e  c o n s is te n tly  and very s ig n if ic a n t ly  reduced 
the le v e l of sodium. Hie depressions were g en era lly  in  the o rder 
of .275fo. Only in  Experiment 6 was i t  much le s s  (.040^), th is  a lso
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being  the  s i t e  where the yield , response to  s a l t  was n e g a tiv e . As 
potassium  c h lo rid e  in v a r ia b ly  in c re ase s  the amount o f potassium  in  
the  p la n t ,  i t  can be concluded th a t  th i s  p re sen ts  an o b s tac le  to  the  
e n try  o f sodium.
The n eg a tiv e  KS in te ra c t io n s  were the  most im portan t. With the  
exception  o f Experiment 6 they  were a l l  la rg e  and h ig h ly  s ig n if ic a n t .  
S a l t  has a g re a t ly  reduced e f fe c t  in  r a is in g  the sodium le v e l  when 
ap p lied  in  the  presence o f potassium  c h lo rid e .
There were a lso  la rg e  and s ig n if ic a n t  neg a tiv e  NK in te ra c t io n s  
in  the  f i r s t  th re e  experim ents and sm aller ones in  the rem aining two. 
The $  Na in  th e  p la n t  was in c reased  by n itro g en  to  a  f a r  g re a te r  degree 
when potassium  ch lo rid e  was n o t g iven .
The o th e r in te ra c t io n s  showed no c o n s is te n t tren d s  and were 
g e n e ra lly  q u ite  sm all.
Potassium
Table 16 summarises the main e f fe c ts  and in te ra c t io n s  w ith 
regard  to  the  potassium  conten t of k a le .
S a lt  has had no r e a l  e f fe c t  on the potassium  uptake of kale?
Hiere have been r i s e s  and f a l l s  of about 0 .1 $  K or le s s .  In  
Experiment 4 where th e re  were th e  la rg e s t  in c reases  in  $  Na from 
s a l t ,  th e re  were th e  g re a te s t  reductions in  $  K amounting to  -0 .3 $  in  
bolh le a f  and stem . There was a lso  one is o la te d  in c rease  o f 0.22*$ 
in  th e  stem fo r  Experiment 6 .
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Table 16.
Dry M atter Composition o f K ale. $  K. 
Main E ffe c ts  and In te ra c t io n s .
Experiment 1 2 5 4 5 6
Mean Content
Leaf 2.44 I .64 2.63 2.62 2.19 5.17
Stem 5.49 3.18 2.84 4.14 5.91 2.88
Response to
N Leaf - .1 7 * -.0 7 - .2 1 - . 24*
.57**
-.0 5
Stem .07 .58 .15 - - .0 1
P Leaf - .0 4 .17 .07 - .2 5 - . 41**
Stem -.1 6 .08 .01 - .5 5 - . 25** -.2 7
K Leaf .59** .57* 1.02** . 85** .88** w  1 .25 ;
Stem .40 .42 .92^ .71* 1.12** .16 i
S Leaf - .1 2 .03 .10 - .3 0 • 06 .01 !
Stem -.0 3 -.0 7
11
.10 “ .51 .12 .22*
In te ra c tio n s  
UP Leaf - .0 7
i
! - .0 5 .10 - 1 4 *
Jj
.20  I
Stem .15 ! - 1 5 - .0 5 -.2 2 * .12 |
NK Leaf - .1 5 i .80 - - .2 0 - .0 8  jStem - . © z i - .0 3 .62 - - .2 3 *  1 - .0 1  j
NS Leaf i - .0 6 1 - .0 5 - .2 1 - - .0 3  i .05 |
Stem ! - .0 8 1 - .0 7 - .2 6 - - .0 7  1 - .0 2  1
PK Leaf | .09 1 .57 .07 .58 .08 ! •15 1
Stem i - .0 3 i .16 .01 .51 - .2 0  ! - .0 1  |
PS Leaf \ *05 ! - .1 4 - .1 4 .28 .01 I .00 1
Stem 1 «°5 i - 0 9 .09 •55 .02 1 .02 j




i . . . . . . . . . . . . . ..
•52
. - . . . . . . . . . .
- 4 5 -.0 2  j - .1 6  1i
. . . . . . . . . . . . . ... . . . . . . . . . ........  . . .  i
Ammonium su lp h a te  a lso  has had no re g u la r  e f f e c t . In  Experiment 5>
the only  one to  give a  s ig n if ic a n t  y ie ld  in c rease  from potassium
ch lo rid e , i t  enhanced potassium  uptake, bu t g en e ra lly  the  in flu en ce
was sm all. Oh ere  was however a tendency fo r  ammonium su lphate  to
depress the $  K in  the le a f  y e t to  in c rease  i t  in  the  stem.
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Superphosphate had sm all and i r r e g u la r  e f f e c t s .  In  fo u r  
experim ents (Nos. 1, 4> 5 and 6) where i t  in c reased  y ie ld s ,  i t  
reduced th e  $  K, th e  g re a te s t  decrease?, being a sso c ia te d  w ith th e  
la rg e s t  y ie ld  response to  superphosphate. In the  rem aining two 
experim ents th e  e f f e c t  was rev e rsed .
Potassium  ch lo rid e  i t s e l f  s ig n i f ic a n t ly  in c reased  uptakes by 
amounts ranging  from 0 .2  to  1 .0 $  K.
There were no marked or c o n s is te n t tren d s  in  the  various 
in te ra c t io n s .
Calcium
A summary of th e  e f fe c ts  o f f e r t i l i z e r s  on the calcium  con ten t 
of k a le  i s  given in  Table 17*
S a l t  has had l i t t l e  in flu en ce  on the  calcium  con ten t o f k a le ,
the  g en era l tendency being to  depress i t  by about .05$. In  Experiment
5, the f a l l  in  $  Ca reached -.27**$ in  the l e a f .
Ammonium su lp h ate  had no re g u la r  e f f e c t ;  th e re  were both r i s e s
and f a l l s  from the mean in  the  order of .05 to  • lQ/'o.
Superphosphate a lso  re a c te d  i r r e g u la r ly .  I t  had a marked 
in flu en ce  (+ 0.26** $  Ca) on the le a f  in  Experiment 5 which 
responded the  most in  y ie ld  to  superphosphate, bu t elsewhere the 
e f fe c ts  were much sm alle r .
Potassium  ch lo rid e  c o n s is te n tly  reduced calcium  uptake by 
amounts ranging  up to  about 0 . 15$  throughout the p la n t .  'Ih.es e 
reductions a re  no doubt a sso c ia ted  w ith th e  r i s e  in  °/o K due to  
potassium  ch lo rid e  a p p lic a tio n s , bu t they do no t seem to  be 
p ro p o r tio n a te ly  r e la te d .
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Table 17.
Dry M atter Composition o f K ale. $  Ca. 
Main E ffe c ts  and In te ra c t io n s .
Experiment 1 2 5 4 5 6
Mean Content 
Leaf 2 .2 0 2.19 2.35 2.65 2.95 2 .7  6
Stem .90 .78 .79 .91 1.07 .84
Response to  
N Leaf .02 - .1 5 - .0 2 .10 - .0 1
Stem •04 - .0 1 .09* • ° 7 ^ .08**
P Leaf - .1 0 - • ° 4 .01 •°7* . 26** .07Stem - .0 5 -.0 5 * .01 - .1 4 * .02 as .04
K Leaf - .0 5 - .0 7
-.0 7 * *
- .0 1 as - .2 5 * - .1 6 * - .0 7
Stem - .0 4 . 10* - .0 2 - .0 1 .01
S Leaf - .0 5 - .0 3 - .0 2 - .1 6 - .2 7 * * .06
Stem .02 .00 - .0 5 * .02 - .0 9 .04
In te ra c tio n s  
HP Leaf .11 - .1 7 - .1 0 - .0 5 - . 05*
Stem - .0 4 . 06* .02 - .06 xs
- .2 1
.00
m Leaf .11 .06 ; .07 - •°4
Stem - .0 1 - .0 5 * i - .0 5 .04 - .0 6
FS Leaf - .1 1 .10 j .03 .11 .02
Stem .06 - .0 3 - .0 4 - .02 - .0 2
PK Leaf - .0 1 - .1 8 - .0 3 .05 .09 - .1 8
Stem - .0 2 - .0 3 ! .01 .00 - 17* .03PS Leaf - .0 2 - .1 9 | .02 - .3 6 - .1 7 .00
1 Stem - .0 1 i .01 1 .08 - .0 3 .01 - .0 2
| KS Leaf .11 | - .1 8 j - .1 4 .01 .21** | .031
» Stem - .0 4 | .00 1 - .0 3 .08 .03  1 - .0 1
There were no marked in te ra c t io n  e f f e c ts .
Magnesium
The e f fe c ts  of f e r t i l i z e r s  on the  magnesium conten t o f kale  a re  
shown in  Table 18.
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Table 18.
Dry M atte r Composition o f Kale. $  ] 
Main E ffe c ts  and In te ra c t io n s .
Experiment i 2 3 4 5 6
Mean Content 
Leaf .123 .089 .152 .163 .140 .113
Stem .152 .135 .161 .163 .200 .119
Response to  
N Leaf -.004 .011 . 021s .002 .009
Stem .002 . 013* .001 - . 015s .004
P Leaf -.0 0 3 .000 - . 026s .024 .012 -.007
Stem - .0 1 0 -.003 .000 -.011 .004 .001
K Leaf - .004 -.012 - . 034** -.016 -.004 -.007
Stem -.003 -.010* .003 .O il .004 -.004
S Leaf -.005 .001 -.011 -.003 -.008 -.002
Stem -.012 .000 -.009 -.011 -.012 .002
In te ra c tio n s  
HP Leaf .001 .001 -.007 -.004 -.003
Stem .008 .006 -.016 - -.003 .006
NK Leaf .001 .003 -.018 - -.001 -.003
Stem .014 .003 -.012 - -.011 .002
NS Leaf .009 -.005 - .  012 - -.017 .003
Stem .001 -.014 -.001  | - .003 -.003
PK Leaf -.001 .009 .002 | -.017 - .0 1 0 .004
Stem .007 .007 .002 j - .007 -.001 -.002
PS Leaf .009 .014 .006 | -.007 -.008 -.003
Stem -.012 -.002 -.026 { .003 .002 .001
KS Leaf -.006 -.008 .012 -.019 .000 .004
Stem CT\ 
1—1O.1 - .0 1 0 .027 1 -.028 8 VJl .006
S a l t  c o n s is te n tly  depressed th e  magnesium con ten t o f bolfc le a f  
and stem, b u t by sm all and n o n -s ig n if ic a n t amounts. Reductions over 
the combined le a f  and stem ranged up to  about .010$ and were fre q u e n tly  
much le s s .
Ammonium su lphate  increased  magnesium up take, in  th re e  cases to  
a  s ig n if ic a n t  degree. R ises of up to  . 015^  taken over the whole
p la n t were found.
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Superphosphate was w ithout g en era l e f f e c t .  There were sm all 
i r r e g u la r  in c rease s  and decreases .
Potassium  ch lo rid e  depressed th e %$  Mg in  a l l  s ix  experim ents.
"When le a f  and stem were combined the  decreases ranged up to  about 
.017^. Only in  two experiments were the  red u c tio n s  s ig n if ic a n t .
There were no la rg e  or c o n s is te n t in te ra c t io n s .
Phosphorus.
The e f fe c ts  o f f e r t i l i z e r s  on the phosphorus con ten t of kale  a re  
summarised in  Table 19*
S a lt  had no re g u la r  e f fe c t  on phosphorus up take. Averaging 
le a f  and stem, th e re  were in c reases and decreases ranging up to  
+ .020$' occurring  w ith equal r e g u la r i ty .
Ammonium su lphate  a lso  had e f fe c ts  which d if fe re d  from one 
experim ent to  an o th er. In th ree  experiments where i t  increased  the  
$  P, the r i s e  was g re a te r  in  the le a f  than in  the stem.
Superphosphate in v a ria b ly  increased  the  C/J P in  both le a f  and stem. 
Over the whole p la n t the increments ranged from about .010 to  about 
.040$ P and in  fo u r experiments were s ig n if ic a n t .  The in c reases 
did n o t appear to  be re la te d  to  the responses in  y ie ld  from superphosphate.
Potassium  ch lo rid e  had sm all and i r r e g u la r  e f f e c t s .  Increases 
and decreases over the whole p la n t ranging up to  about + .010$ were 
found.
There were no c o n sis ten t in te ra c t io n s  invo lv ing  phosphorus 
although th e re  were is o la te d  s ig n if ic a n t  ones.
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Table 19- Dry M atter Composition of K ale, fo P .
Main E ffe c ts  and In te ra c t io n s .


























































































































































There have been a number of p rev ious in v e s t ig a tio n s  reg a rd in g  the  
e f fe c t  o f sodium, on the growth o f tu rn ip s  and swedes. As e a r ly  as 
1914 B olin re p o rted  th e  r e s u l ts  of 10 experim ents in  Sweden where, on 
average, 5*5 tons of e x tra  swedes were produced from an a p p lic a tio n  
of 9cwt. of s a l t .  Crowther & Ben#! an (1945) have summarised the 
r e s u l t s  of a number of experiments where ammonium su lp h ate  and sodium 
n i t r a t e  have been compared as a source of n itro g en  and they concluded 
th a t  the  l a t t e r  was 20 -  25^ su p e r io r . Harmer & Benne ( l9 4 l)  
working on a potassium  d e f ic ie n t p ea t s o i l  rep o rted  an in c rease  in  the 
y ie ld  of tu rn ip s  of alm ost 3 tons from an a p p lic a tio n  of 5 cwt. of 
s a l t .  H o lt & Volk (1945) found in  po t experiments th a t  sodium 
in creased  the y ie ld  of tu rn ip s  and th a t  3 0 of a f u l l  crop could be 
obtained  when potassium  was e n t i r e ly  rep laned  by sodium. Lehr &
Bussink ( 1954) have a lso  repo rted  improved y ie ld s  of tu rn ip s  when 
sodium n i t r a t e  and calcium  n i t r a t e  were compared.
On the o th e r hand, Jacob ( 1930) , as a r e s u l t  o f sand c u ltu re  
experim ents, concluded th a t  sodium had no e f fe c t  on swedes.
D orph-Petersen & S teenbjerg  (1950) have found in c reases  in  the y ie ld  
of swedes o f only 0 .1  ton as an average of 9 experiments comparing 
sodium and calcium n i t r a t e s ,  bu t in  one experiment on a potassium  
d e f ic ie n t  s o i l  an increm ent of alm ost 1.0  ton^ was obtained from yf
sodium.
Four f i e ld  experiments have been completed w ith tu rn ip s .
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'Ihe f i r s t  two were la id  down in  1955* -^ach conformed to  a 
27 p lo t  lay o u t in  3 blocks of 9 p lo ts  to  in v e s t ig a te  a l l  com binations 
o f the  fo llow ing  trea tm en ts .
Superphosphate 0, 3 and 6 cwt. (PO, P I , P2)
Potassium  C hloride 0, 1 and 2 cwt. (KO, Kl, K2)
S a lt  0 , 3 a^d 6 cwt. (SO, S I, S2)
Each p lo t  in  a d d itio n  had a b a sa l d re ss in g  of 2 cwt. o f ammonium
su lp h a te .
In  1956 two fu r th e r  experiments were c a r r ie d  o u t, bu t to  a 
d i f f e r e n t  design . The trea tm en ts were Ihe presence and absence of
Ammonium Sulphate 2 cwt. (N.)
Superphosphate 3 cwt. (P .)
Potassium  Chloride 2 cwt. (K.)
S a lt  4 cwt. (S .)
The layou t of each experiment was the u su a l one fo r  a 2 x 2 x 2 x 2  
f a c to r i a l  t r i a l  of 32 p lo ts  in  4 blocks of 8. The NPKS in te ra c t io n  
was confounded between each of the two complete r e p l ic a te s .
Ihe analyses of variance of these two designs were as fo r  the 
s im ila r  ka le  experim ents.
The tu rn ip s  were grown on s l ig h t ly  ra is e d  rid g es  about 27 in s .  
a p a r t .  A ll the  f e r t i l i z e r s  were app lied  by hand before  the f in a l  
seed bed p rep a ra tio n s  and were w ell interm ixed with the  s o i l  during 
subsequent c u lt iv a tio n s . S ing ling , weeding e t c . ,  were c a r r ie d  out
a s n ecessary  by the farm er in  conjunction w ith the rem ainder of the  f i e ld .
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P lo t S ize .
The experim ents have been c a r r ie d  out on 0,01 ac re  p lo t s .  Each 
was 6 rows wide, norm ally 27 in s .  a p a r t ,  and about 33 f t .  in  len g th . 
The c e n tr a l  fo u r  rows were h a rv ested  f o r  y ie ld  de term inations and 
samples were taken from th is  a rea  fo r  a n a ly s is .
Sampling.
H arvesting  was g e n e ra lly  c a rr ie d  out in  November befo re  f r o s t  
s e r io u s ly  damaged the  tops. In each case the  crop was topped by 
hand and the  ro o ts  in  each case had veiy  l i t t l e  s o i l  adhering  to  
them. Ihe e n t i r e  produce (roo ts  and tops) from each p lo t  was weighed 
on a sp rin g  balance in  the  f i e ld .
Ihe ro o ts  were sampled by means of a c o re r , a d iagonal sec tio n  
being  taken from each of about 40 ro o ts .  This i s  the g en era lly  
accepted p ra c tic e  and i t  was no t considered necessary  to  t e s t  the 
v a l id i ty  o f the  method. The cores from each p lo t  were p laced in  
polythene bags, t ie d  and removed to  th e  la b o ra to ry . They were then 
weighed, d r ie d  a t  100°C, reweighed and f in a l ly  ground.
The tops were sampled by tak in g  15 tops a t  random from each 
p lo t .  These were chopped, subsampled by q u a rte rin g  and weighed 
f re s h . A fte r dry ing  a t  100°C they were reweighed and then ground.
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TOTIPS. EXPERIMMT 1, 1955.
S ite  Cochno. Dumbartonshire.
S o il Heavy loam, p oo rly  d ra ined .
Exchangeable Ha 6 .5  mgs. $
lfc c i t r i c  s o l .  P 15.0  mgs. °]o S a tis fa c to ry .
l°/o c i t r i c  s o l .  K 13»5 a!° S a t is fa c to ry .
pH 6.7
This experim ent was la id  down in  ano ther p o rtio n  of the  same f i e l d  
as Experiment 3 w ith k a le  and th e  analyses a re  th e re fo re  s im ila r .
Previous Cropping
1954 Potatoes Manuring unknown.
1953 Oats Manuring unknown.
F e r t i l i z e r  Treatments and Layout
A ll 27 combinations of the fo llow ing  treatm ents were arranged in  
the  u su a l 3 x 3 x 3  layout with no re p l ic a t io n .
Superphosphate 0 , 3 and 6 cwt. (PO, P I , P2)
Potassium  C hloride 0, 1 and 2 cwt. (KO, K l, K2)
S a l t  0 , 3 and 6 cwt. (SO, S I, S2)
Each p lo t  in  a d d itio n , had a seedbed a p p lic a tio n  o f 2cwt. of
ammonium su lp h a te .
The crop grew w ell throughout and the  mean y ie ld  o f ro o ts  was 
18.4  to n s . There were no s u b s ta n tia l  y ie ld  increm ents from 
f e r t i l i z e r s .
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Tables A43 -  A50 con ta in  the in fo rm ation  reg ard in g  the e f fe c ts  
o f f e r t i l i z e r s  on crop y ie ld  and com position.
Y ields o f F resh and Dry M atter (A44 & A45)
The mean y ie ld s  of f re sh  and dry ro o ts  were 18.36 and 1*566 tons 
re s p e c tiv e ly . In d iv id u a l p lo ts  v a ried  in  y ie ld  from 13.5  to  21.3 tons 
bu t the  g en era l e f f e c t  of f e r t i l i z e r s  was sm all. The fre sh  tops had 
a mean y ie ld  of 3*73 tons and the  weight of dry  m atte r was .474 to n s .
S a lt  in c reased  both fre sh  and dry  y ie ld s  of ro o ts ,  the form er 
by 2.88  and the l a t t e r  by .280 tons when ap p lied  a t  the 6 cwt. r a te .  
N e ith er e f f e c t  was s ig n if ic a n t  and s a l t  had no in flu en ce  on the 
y ie ld  of to p s .
Superphosphate a t  6 cwt. p e r  acre  reduced the weight o f fre sh  
ro o ts  by O.67  to n s , bu t d id no t a f f e c t  the dry m a tte r. I t  a lso  
reduced the  f re sh  and dry y ie ld s  of tops by 0.44  .050 tons
re sp e c tiv e ly .
Potassium  ch lo rid e  tended to  reduce the  f re sh  weight o f ro o ts  
b u t, by in c re a s in g  the D.M.$, to in c rease  the dry  m atte r y ie ld  by 
.116 to n s . I t  s ig n if ic a n t ly  reduced the fre sh  w e i^ it o f tops by 
O.76* tons and the  dry y ie ld  by . 078* to n s .
Composition o f the Dry M atter 
Sodium (A46 )
The mean Na of the ro o ts  was .120. There was considerab le  
v a r ia tio n  according to  th e  f e r t i l i z e r  trea tm en t, i . e .  .030 on the 
POK2SO p lo t  to  .200 on the P0K0S2 p lo t .  The mean content cf the
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tops was .171% and the range was from .077 (P0K2S0) to  .315 (P1K0S2).
S a l t  had la rg e  and very s ig n if ic a n t  e f fe c ts  on sodium u p tak e .
The mean % ITa o f the u n tre a te d  p lo ts  was .084 in  fhe ro o ts  r i s in g  to  
.139 w ith 6 cwt. of s a l t .  In the tops the le v e l was ra is e d  to  .173 
from .119 by 3°wt. o f s a l t  and to  .221 with the  6 cwt. a p p lic a tio n .
Superphosphate reduced the sodium le v e l in  the  ro o ts  from .138 
to  .114 which was alm ost s ig n if ic a n t  and in  th e  tops from .197 to  
.151 (S ig . a t  5% le v e l ) .
Potassium  ch lo rid e  had very s ig n if ic a n t  e f fe c ts  in  reducing  the 
sodium con ten t of both ro o ts  and to p s . In the ro o ts  the  le v e l f e l l  
from .156 to  .126 w ith  the  1 cwt. a p p lic a tio n  and to  .077 w ith the 
2 cwt. r a t e .  S im ila r red uctions from .202 to  .168 to  .142$ were 
found in  the  to p s .
Potassium  (A47)
The mean % K in  the ro o ts  was 3*06 and in  the  to p s , 3*17» There 
was l i t t l e  v a r ia tio n  from p lo t  to  p lo t  in  the ro o ts , bu t the range of 
values in  the  tops was fro m '2.25% (P2K0S0) to  5*10% (P2K2S1).
S a l t  d id  no t in flu en ce  the  potassium  conten t of G ith e r  ro o ts  o r
to p s .
Superphosphate reduced the  % K in  the ro o ts  by 0.14% and increased  
i t  by 0 . 29% in  the to p s .
Potassium  ch lo rid e  i t s e l f  had very l i t t l e  in flu en ce  on the 
potassium  con ten t of the ro o ts , the  2 cwt. d re ssin g  ra is in g  the le v e l 
from 2.95 to  3.12%. I t  d id  however in c rease  the % K in  the tops 
s ig n if ic a n t ly  from 2.85 to  3*48%*
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Calcium (A48 )
The mean calcium  conten t o f the  ro o ts  was . 657 and o f  the  tops 
2. 31%. There was l i t t l e  v a r ia tio n  from p lo t  to  p lo t  and none of 
th e  f e r t i l i z e r s  a f fe c te d  the  calcium  le v e ls  by more than + . 007%.
Magnesium (A49 )
The amount o f magnesium in  the ro o ts  was .103% end .204% in  the  
to p s . F e r t i l i z e r s  had l i t t l e  e f f e c t ,  bu t in  g en era l they tended to  
depress the  magnesium le v e ls  by about . 007% in  each case.
Phosphorus (A50)
The ro o ts  had a mean % P of .291 w h ils t th a t  in  the tops was 
.163- In  the  ro o ts  the  range was from .225 to  *350% and in  the tops 
from .095 to  .260%-.
S a lt  enhanced the  %P in  the ro o ts  from .274 to  .298 and th is  was 
alm ost s ig n if ic a n t ,  bu t i t  had no in flu en ce  on the  le v e l of the  to p s .
Superphosphate i t s e l f  increased  the % P in  the ro o ts  from .278 to  
.299 (alm ost s ig n if ic a n t)  and the  in c rease  from .138% to  .194% in  the  
tops from the 6 cwt. d ressin g  d id  reach s ig n ific a n ce  a t  the 5% le v e l .
Potassium  ch lo rid e  a t  2 cwt. per acre  s ig n if ic a n t ly  reduced the  
phosphorus uptake in  the ro o ts  from .309 to  .276%. H ie negative
PK in te ra c t io n  was a lso  s ig n if ic a n t .  On the o th er hand the  phosphorus 
con ten t of the  tops was ra is e d  from .137 to  .179%*
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TOM IPS. EXPERIMENT 2. 1955.
S ite  B alloch . Dumbartonshire.
S o il Red sandstone d r i f t .
Medium loam, f r e e ly  d ra in ed .
Exchangeable Na 43*5 nigs. %
1% c i t r i c  s o l .  P 4»0 mgs. % D e fic ie n t.
1% c i t r i c  s o l .  K 11.0 mgs. % Low.
pH 6 .1
This experim ent was s i te d  immediately ad jacen t to Experiment 4 
w ith k a le  and the  s o i l  analyses a re  v i r tu a l ly  the same.
Frvious Cropping.
1954 Oats 2 cwt. Ammonium Sulphate
1953 Permanent G rass.
F e r t i l i z e r  Treatments and Layout.
The design  o f the experiment was the same as th a t  fo r  Experiment 1 
namely, a 27 p lo t  layout to  t e s t  a,11 combinations of 0 ,3  and 6 cwt. of 
Superphosphate, 0, 1 and 2 cwt. of Potassium  C hloride and 0, 3 and 6 cwt. 
of S a l t .  Each p lo t  in  ad d itio n  had a b asa l d re ss in g  of 2 cwt. of 
Ammonium S ulphate .
There were s u b s ta n tia l  y ie ld  increm ents from superphosphate.
The y ie ld s  and p la n t analyses a re  given in  Tables A51 -  A58.
Y ields o f Fresh and Dry M atter (A52 & A53)
The mean y ie ld s  o f ro o ts  and tops were 17-76 and 2.96 tons 
re sp e c tiv e ly . The ro o t y ie ld  varied  from 10.3 (P0K2S0) to  24*1 tons 
(P2K1S1) and th a t  o f the tops from 1.20 (P0K1S2) to  4-32 tons (P2K0S1).
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The mean y ie ld s  o f dry m atter were 1.556 and .525 to n s .
S a lt  in c reased  the y ie ld  of f re sh  ro o ts  by 2.22 tons and th e  dry 
m atte r by .162 to n s . I t s  e f fe c t  on the tops was q u ite  sm all, f re sh  
and dry w eight increm ents being  .06 and .01  tons re sp e c tiv e ly .
Superphosphate had la rg e  and very s ig n if ic a n t  e f fe c ts  on the 
y ie ld  of ro o ts .  6 cwt. ra is e d  th e  fre sh  y ie ld  from 13»50 to  20.67 
tons and the  dry m atte r from 1.211 to  1.802 to n s . The in c rease  in  
the y ie ld  of tops was q u ite  sm all and n o n -s ig n if ic a n t.
Potassium  ch lo rid e  a t  2 cwt. p e r acre  ra is e d  the  y ie ld  o f f re sh  
ro o ts  by only 0.47 tons and the dry m atter by .037 to n s . I t  reduced 
the  weight of f re sh  and dry tops by 0.34 and .015 tons re s p e c tiv e ly .
Composition of Dry M atter 
Sodium (A54)
In  the  tops the  range was from .055 (P1K1S0) to .265(P2K0S2) $  Na, 
w ith a  mean of . 14&$>• The mean content of the tops was *332/^  and 
the range .100 (P1K1S0) to  .900 (P2K0S2).
S a lt  produced la rg e  and h ig h ly  s ig n if ic a n t  in c reases  in  the 
sodium con ten t o f both ro o ts  and tops. 3 cwt. of s a l t  ra is e d  the  
mean fo ha  of the ro o ts  from .093 to  .154 and 6 cwt. increased  i t  
fu r th e r  to  .192^. Qhe corresponding increm ents fo r  the tops were 
from . l o t  to  .x q 6  to  .479;'. Each p rog ressive  increa.se was s ig n if ic a n t  
a t  the Yfo le v e l .
Superphosphate had only sm all e f f e c ts .  The in c reases  in  f  Na 
from 6 cwt. were .015 and .028 re sp e c tiv e ly  fo r  ro o ts  and tops.
Potassium  ch lo ride  reduced the  sodium up take. 2 cwt. p e r acre
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reduced -the le v e l from .165 to  . 133?° in  the  ro o ts  and from .367  to  . 2827* 
( s ig .  a t  5f° le v e l )  in  the to p s .
Potassium  (A55)
The mean potassium  con ten ts  of the  roots and tops were 2.60 and 
3*3&f° re s p e c tiv e ly .
S a lt  a t  6 cwt. per acre  increased  the  $  K from 2.52  to  2.79 in  
the ro o ts  and from 3*26 to  3»39f° in  the  to p s , bu t n e i th e r  was 
s ig n i f ic a n t .
Superphosphate a lso  increased  th e  potassium  uptake s l ig h t ly ,  
by 0 .10$ in  the ro o ts  and by 0 . 25$  in  the to p s .
Potassium  ch lo rid e  i t s e l f  increased  the $  K in  the  tops from 
3.18 to  3*55 (which was no t s ig n if ic a n t)  but the e f fe c t  on the  ro o ts  
was n e g l ig ib le .
Calcium (A56)
The mean calcium  content of the ro o ts  was .397 and the extreme 
values were .315 and .480$. In  the tops the range was from 1.68 
to  2.50$ w ith a mean of 2.02$ Ca.
S a lt  increased  the $  Ca in  the ro o ts  by .054 which was alm ost 
s ig n if ic a n t .  I t  had th e  reverse  e f fe c t  on the tops when-the 
decrease from 2.09 to  1.97$ was ju s t  s ig n if ic a n t  a t  the 5$  le v e l .
Superphosphate ra is e d  the  c/o Ca in  the ro o ts  by . 065*$ and 
in  the tops by
Potassium  ch lo rid e  had no e f fe c t  on ro o t calcium but depressed 
the amount in  the  tops s ig n if ic a n tly  from 2.11 to  1.977-•
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Magnesium (A57)
The ro o ts  had a mean $  Mg o f .082 and th e  tops contained  .208$. 
S a l t  had very l i t t l e  in flu en c e . I t  reduced th e  le v e l  in  the 
ro o ts  by . 004$  bu t increased  i t  in  th e  tops by . 007$.
Superphosphate had no e f fe c t  on magnesium up take .
Potassium  ch lo rid e  reduced th e  magnesium in  the tops by about
.020$ bu t had no in flu en ce  on the ro o ts .
0/
i fW'fr y . v  fv * ~A 10
Superphosphate (A58)
The mean $  P in  ro o ts  and tops were .157 and *135 re sp e c tiv e ly . 
S a lt  s ig n if ic a n t ly  increased  the uptake in  both ro o ts  and to p s . 
With th e  6 cwt. a p p lic a tio n  the increm ents were .038 and .030 7c- 
re s p e c tiv e ly .
Superphosphate i t s e l f  g re a tly  increased  the  phosphorus co n ten t. 
Root phosphorus m s  ra is e d  by .067** and th a t of the  tops by .049**$» 
Potassium  ch lo rid e  reduced the $  P in  the  ro o ts  from .179 to 
.140$ ( s ig .  a t  P * *05) and from .139 to  . 126$  in  the  to p s .
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TUMIPS. EXPERJMT 5. 1956
S ite  Cochno. Dumbartonshire •
S o il Heavy loam. Deep, f r e e ly  d ra in ed .
Exchangeable ITa 9.5  mgs. $
ifo C itr ic  S o l. P 9*5 . mgs. % Low
l/o  C i t r ic  S o l. K 12.5 mgs. fo S a tis fa c to ry .
pH 6.7
This experim ent was s i te d  in  the same f i e ld  as Experiment 6 with 
k a le . I t  was however some 150 yards away and the s o i l  analyses 
d i f f e r  in  th a t  th is  a rea  fo r  th(e tu rn ip s  was ra th e r  h ig h e r in  re a d ily  
so lu b le  phosphorus and lower in  potassium .
Previous Cropping.
1955 Oats HFK f e r t i l i z e r
1954 Grass Unknown manuring.
F e r t i l i z e r  T r e a t m e n t s  a n d  L a y o u t
T h e  e x p e r i m e n t  t e s t e d  a l l  c o m b i n a t i o n s  o f  t h e  f o l l o w i n g  t r e a t m e n t s
0 a n d  2  c w t .  Am m onium  S u l p h a t e  F
0 a n d  5 c w t .  S u p e r p h o s p h a t e  P
Q a n d  2  c w t .  P o t a s s i u m  C h l o r i d e  K
0  a n d  4 c w t .  S a l t  S
Two com plete r e p lic a te s  were la id  out by a rrang ing  the p lo ts  in  
4 groups of 8 w ith the HPKS in te ra c t io n  confounded between the 
r e p l ic a te s .
The mean y ie ld  was 16.06 tons of ro o ts  per a c re . There were
-  101 -
sm all b u t s ig n if ic a n t  responses from both superphosphate and 
potassium  c h lo rid e . The s i t e  was badly in fe s te d  w ith the  weed, 
redshank. This was kept under co n tro l by hand weeding and thus d id  
no t s e r io u s ly  im pair the y ie ld .
Appendix Tables A59 -  A65 d e ta i l  the e f fe c ts  of the  f e r t i l i z e r s  
on crop y ie ld  and com position.
Y ields o f Fresh and Dry M atter (A60)
The mean fre sh  y ie ld s  of ro o ts  and tops were 16.06 and 3*39 
to n s . The re sp e c tiv e  dry m atter weights were I .30  and .419 to n s .
S a lt  s l ig h t ly  increased  the y ie ld  of ro o ts  (O.73 to n s) and of 
tops (O .l l  to n s ) . S a l t  had a la rg e r  and m ozesign ifican t e f fe c t  in
3E9Ethe  absence of superphosphate, the  increm ent being 2.12  tons. 
Ammonium su lphate  increased  the mean y ie ld  of f re sh  tops by
3£0.22  tons b u t the  e f fe c t  was n o n -s ig n if ic a n t fo r  the dry w eight.
I t  depressed the  y ie ld  of fre sh  ro o ts  by 0 .28  to n s .
Superphosphate a lso  increased  the f re sh  y ie ld  of tops by 0.22 
to n s , the dry  m atter increment being n o n -s ig n if ic a n t a t  .024 tons.
3E3EThe fre sh  w eight of ro o ts  was increased  by 1.37 tons and by g re a te r  
amounts in  the  a ts e n c e  of s a l t  (1 . 95**) and ammonium su lphate  
(1 .84**). As the  D.M.^ was reduced,only the mean dry weight in c rease  
and th a t in  the absence of s a l t  were s ig n if ic a n t .
Potassium  ch lo rid e  increased  the fre sh  y ie ld s  of ro o ts  and tops 
by 1 . 17* and 0.42** tons re sp e c tiv e ly . There were comparable and 
s ig n if ic a n t  increm ents in  the dry w eights.
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Composition of the  Dry M atter 
Sodium (A6l )
The mean $ N a  was .226 in  the tops and .175 in  th e  ro o ts .  Veiy 
la rg e  v a r ia tio n s  occurred from p lo t  to  p lo t  e .g .  In  the tops th e  range 
was from .0 9 5 $ 'in  arid NK p lo t  to  .462 in  an NPS p lo t .  The corresponding 
f ig u re s  fo r  the  ro o ts  were .045 and . 255$•
S a lt  caused la rg e  and s ig n if ic a n t  in c reases  in  the sodium le v e l 
o f both ro o ts  (.044**$) and tops (.098**$). S a lt  given in  a sso c ia tio n  
w ith e i th e r  ammonium su lphate  or superphosphate had even g re a te r  
e ffe c ts*
Ammonium su lphate  had l i t t l e  in flu en c e . I t  ra is e d  the  sodium 
conten t of the ro o ts  by .018 and of the tops by . 025$«
j
S u p e r p h o s p h a t e  r a i s e d  t h e  °/o N a  i n  t h e  t o p s  b y  . 0 5 0  .  G r e a t e r  
i n c r e m e n t s  w e r e  f o u n d  i n  t h e  p r e s e n c e  o f  s a l t  ( . 0 8 2 * $ )  a n d  o f  
p o t a s s i u m  ( . 0 8 0 * ) .  A m ean  i n c r e a s e  o f  . 0 2 5 ’"$ w a s  f o u n d  i n  t h e  r o o t s .
The jo in t  presence of s a l t  increased  th is  to  . 042* $ .
Potassium  ch lo rid e  had la rg e  and s ig n if ic a n t  depressive e f fe c ts  
on sodium up tak e . The mean con ten t of the tops f e l l  by .074**$- and 
of the  ro o ts  by .035**$. Tft i°P s decrease was p a r t ic u la r ly  
la rg e  in  the  absence of superphosphate and ammonium su lp h a te .
P o t a s s i u m  (A 62 )
T h e  m ean  p o t a s s i u m  c o n t e n t s  o f  t h e  r o o t s  a n d  t o p s  w e r e  2 . 0 5  a n d  
2.41  r e s p e c t i v e l y .  F e r t i l i z e r s  d i d  n o t  c a u s e  a p p r e c i a b l e  v a r i a t i o n s .
S a l t  d e p r e s s e d  t h e  $  K i n  t h e  r o o t s  b y  . 0 8  a n d  i n  t h e  t o p s  b y  
. 03 .  I n  e a c h  c a s e  t h e r e  w e r e  n e g a t i v e  KS i n t e r a c t i o n s  a n d  t h i s  r e a c h e d
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s ig n if ic a n c e  a t  -0 .23*$  in  the case o f the to p s . S a lt  thus in c reased  
the  potassium  le v e l in  the tops by . 20$  when given in  the  absence of 
potassium  c h lo rid e , bu t depressed i t  by . 26$  when both were ap p lied  
to g e th e r .
Ammonium su lp h ate  d id  no t in flu en ce  the potassium  s ta tu s .
Superphosphate s ig n if ic a n t ly  reduced the $  K in  the tops. The 
mean decrease was . 23*$ but th is  was increased  to  - 0 -40*$ in  the
3E X /presence of s a l t  and to  - .3 7  and - .3 4  a/° in  the absence of ammonium 
su lp h a te  and potassium  ch lo rid e  re s p e c tiv e ly .
Potassium  ch lo rid e  i t s e l f  increased  the $  K in  the  tops by 0.18^° 
and in  the  ro o ts  by 0.24*$. Much g re a te r  in c reases  were found in  
the absence of s a l t  (0 . 41** and 0 . 35**$ re s p e c tiv e ly ) .
Calcium (A63) ,
The mean calcium  content of the tops was 1.80$- and th a t  of the 
ro o ts  0 . 384$.
S a lt  in creased  the  $ Ca in  the tops by .029$ and reduced i t  by 
. 017$  in  the  ro o ts .
Ammonium su lp h ate  d id no t in fluence  the calcium  conten t of the 
ro o ts  bu t depressed i t  s ig n if ic a n tly  by .145**$ in  the to p s . Much 
la rg e r  depressions from ammonium su lphate  were found in  the  presence 
of o th e r f e r t i l i z e r s .
Superphosphate was a lso  w ithout e f fe c t  on the ro o ts  and decreased 
the $ Ca in  the tops by .055$*
Potassium  ch lo rid e  reduced the calcium le v e l
in  both tops (-.O 45) and ro o ts  (- .0 2 6*$)* Larger depressions were
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found in  the absence of superphosphate fo r  both p a r ts  and in  the 
ro o ts  when s a l t  was om itted .
Magnesium (A64 )
The tops had a mean magnesium conten t of . 132$  and the  le v e l in  
the ro o ts  was .0 8 1 /.
A ll the  f e r t i l i z e r s  supplied  had very sm all depressive  e f fe c ts  
on the magnesium conten ts of both ro o ts  and to p s . Only in  the cases 
of s a l t  and potassium  ch lo rid e  d id they reach s ig n if ic a n c e . Even 
then they were in  the  order of -.006 $  and in  th e  ro o ts  only .
Phosphorus (A65)
The mean $  P of the ro o ts  was .210 and th a t  of the  tops .189* 
F e r t i l i z e r s  had only sm all e f fe c ts  on phosphorus up take.
S a lt  tended to in c rease  the  $  P in  both ro o ts  and tops but by 
mean amounts of only . 015 and. .008 re sp e c tiv e ly .
Ammonium su lphate  had l i t t l e  e f fe c t  on the tops bu t depressed the 
phosphorus con ten t of the ro o ts  by . 019/t.
Superphosphate increased  the le v e ls  in  each case by about .016^. 
In the tops the  increm ents were in  the order of .028*$ in  the presence 
of e i th e r  s a l t  o r potassium  ch lo rid e .
Potassium  ch lo rid e  ra ise d  the °/o P in  the tops by . 020*%. I t  
increased  the le v e l by sm aller amounts when given in  a sso c ia tio n  with 
o ther f e r t i l i z e r s .  I t  a lso  increased  the mean phosphorus con ten t of 
the ro o ts  by .016$.
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TURNIPS EXPERIMENT 4. 1956.
S ite  B alloch . Dumbartonshire
S o il Sandy loam, deep, f r e e ly  d ra ined .
High in  organic m atte r.
Exchangeable Na 5«0 mgs $
Vfo C itr ic  Sol P 3*5 fflgs $  D e fic ien t
1$ C itr ic  Sol K 8*5 mgs $  Low
pH 5.4
Previous Cropping
Permanent g ra s s . Very poor, no manuring.
F e r t i l i z e r  Treatments and Layout
The trea tm en ts  and design of the experiment were as f o r  Experiment3. 
A ll com binations of the fo llow ing  ap p lic a tio n s  were te s te d  in  a 
2 x 2 x 2 x 2 layou t of 32 p lo ts  in  4 blocks of 8.
0 and 2 cwt. Ammonium Sulphate N
0 and 3 cwt. Superphosphate P
0 and 2 cwt. Potassium  Chloride K
0 and 4 cwt. S a lt  S
In  s p i te  of the marked a c id i ty  and the la rg e  response to  
superphosphate, the mean y ie ld  was as high a t  21.5 tons of ro o ts  
per a c re . There was a sm all s ig n if ic a n t  in c rease  from s a l t .
Data concerning the e ffe c ts  of the f e r t i l i z e r s  on p la n t y ie ld  and 
composition a re  given in  Tables A66 -  A72.
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Y ields of Fresh and Dry M atter (A67)
The mean fre sh  y ie ld s  of ro o ts  and tops were 21.47 and 5 .08 tons 
re s p e c tiv e ly . The comparable dry m atter weights were 1.94 and .664 
to n s . The fre sh  y ie ld  of ro o ts  ranged from 14.44  t°u s  on a n i l  
p lo t  to  27*78 tons w ith a PK trea tm en t.
S a lt  s ig n if ic a n t ly  increased  the fre sh  y ie ld  of ro o ts  by l.f^ l*  
tons and the  dry m atter by .14 to n s . There.were la rg e  and very ,
s ig n if ic a n t  PS in te ra c t io n s  in  each case . These re su lte d  in  s a l t
XX XXin c re a s in g  the fre sh  and dry weights by 4*46 and 0.33  tons
re sp e c tiv e ly  when given w ithout superphosphate. In the ro o ts  th e re
were a lso  s ig n if ic a n t  negative  KS in te ra c t io n s ,  s a l t  being of l i t t l e
b e n e f i t  i f  ap p lied  to g e th er w ith potassium  c h lo rid e . S a lt tended to
reduce the y ie ld  of to p s . Again th e re  was a s ig n if ic a n t  negative
P S  i n t e r a c t i o n  a n d  a  s m a l l  KS o n e .
A m m onium  s u l p h a t e  h a d  o n l y  m in o r  e f f e c t s .  T h e  f r e s h  y i e l d s  o f
ro o ts  and tops were increased  by .56 and .14 tons re sp e c tiv e ly .
S u p e r p h o s p h a t e  h a d  a  m a r k e d  i n f l u e n c e  o n  y i e l d .  T h e f r e s h
weight increm ents were 5*02 tons of ro o ts  and .97 tons of to p s .
T h e  v e r y  s i g n i f i c a n t  n e g a t i v e  P S  i n t e r a c t i o n s  i n  e a c h  c a s e  r e s u l t e d
xx xxin  th e  in c rease s  being 7*5^ stud 2.60 tons re sp e c tiv e ly  in  the 
absence o f s a l t .
Potassium  ch lo ride  had only sina.ll e f f e c ts .  T h e mean fre sh  
weight of ro o ts  was increased  by .90  tons ( 2.52 in  the absence of 
s a l t )  and the  fre sh  y ie ld  of tops f e l l  by .10 ton .
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Composition of Dry M atte r.
Sodium (A68 )
Hie mean sodium content of the  tops was . 402?$ and th a t  o f th e  ro o ts  
. 1347*5- Large v a r ia tio n s  were found from p lo t  to  p lo t .  Hie low est 
le v e l in  th e  tops was . 200% in  a n i l  p lo t  and the h ig h e s t . 700% 
on an N p lo t .  In  the  ro o ts  the range was from .280? (HPS) down to 
. 050?$ w ith  the iTK trea tm en t.
S a lt  had la rg e  and s ig n if ic a n t  e f f e c t s ,  the  mean in c rease  in  
% Na being  .237 fo r  the tops and .064 f o r  the ro o ts .  There were 
no marked in te ra c t io n s  invo lv ing  s a l t .
Ammonium su lp h ate  did no t in fluence  sodium uptake.
Superphosphate s l ig h t ly  ra is e d  the sodium le v e l by mean amounts 
o f .042/$ in  the  tops and .020% in  the ro o ts . A la rg e r  in c rease  of 
. 103*?$ was found in  the tops on those p lo ts  which in  ad d itio n  had 
potassium  c h lo rid e .
Potassium  ch lo rid e  had s ig n if ic a n t  e f fe c ts  in  reducing th e  sodium 
uptake by . 078*?$ in  the tops and by . 033**?$ in  the ro o ts . In  the 
ro o ts  the depression  reached . O72**?<; on p lo ts  which did  n o t receive  
s a l t  and th e re  was a la rg e  f a l l  of .138 fo r  the tops on p lo ts  
w ithout superphosphate.
Potassium  (A69)
The tops contained 1.98?>> K and the ro o ts  1 . 68?% V ariation  
from p lo t  to p lo t  was mainly due to the presence and absence of
potassium  ch lo rid e .
S a lt  had a sm all depressive e f fe c t  of -.0 3 fo on the tops and a
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l a r g e r  i n c r e m e n t a l  o n e  o f  .1 3 * $  f o r  t h e  r o o t s .  S a l t  i n c r e a s e d  t h e  
p o t a s s i u m  c o n t e n t  o f  t h e  r o o t s  m o s t  7 /h en  p o t a s s i u m  c h l o r i d e  71/as a l s o  
a p p l i e d .
A m m onium  s u l p h a t e  h a d  n o  o v e r a l l  i n f l u e n c e  o n  t h e  r o o t  p o t a s s i u m  
b u t  d e p r e s s e d  t h e  a m o u n t i n  t h e  t o p s  b y  .1 2 %  a n d  b y  d o u b l e  t h a t  o n  
p l o t s  Y /h ic h  a l s o  h a d  p o t a s s i u m  c h l o r i d e .
S u p e r p h o s p h a t e  d e p r e s s e d  t h e  $  K i n  b o t h  r o o t s  a n d  t o p s  b y  .19  
a n d  . 0 7  r e s p e c t i v e l y .  T h e r e  w e r e  s i g n i f i c a n t  d e c r e a s e s  i n  t h e  t o p s  
i n  t h e  a b s e n c e  o f  p o t a s s i u m  c h l o r i d e  ( - . 50* * $ )  a n d . s a , l t  ( - . 30* ? $ ).
P o t a s s i u m  c h l o r i d e  i t s e l f  e n h a n c e d  t h e  p o t a s s i u m  u p t a k e  b y  l a r g e  
a n d  s i g n i f i c a n t  (P  =  O .O l )  a m o u n t s ,  . 49**?$ i n  t h e  t o p s  a n d  .3 1 * * ? $  i n  
t h e  r o o t s .  T h e r e  w a s  a  s i g n i f i c a n t  PK i n t e r a c t i o n  o f  0 .3 1 * ? $  i n  t h e  
t o p s  a n d  a n  UK o n e  o f  - . 14**?^ i n  t h e  r o o t s .
C a lc iu m  (A 70 )
T h e  m ea n  c/o Ca i n  t h e  t o p s  w a s 1 . 7 1 3  * 3 5 5  i n  t h e  r o o t s .
F e r t i l i z e r s  g e n e r a l l y  r e d u c e d  t h e  u p t a k e .
S a l t  r e d u c e d  t h e  c a l c i u m  l e v e l  i n  t h e  t o p s  b y  . 056?t a n d  i n  t h e  
r o o t s  b y  . 0 1 5??. L a r g e r  d e p r e s s i o n s  w e r e  f o u n d  i n  t h e  a b s e n c e  o f  
am m onium  s u l p h a t e .
Ammonium su lphate had rather greater e f f e c t s .  The reduction  in  
the calcium  content o f the tops 7/as . 083?c and in  the ro o ts , .028^/k.
I n  t h e  t o p s  t h e  e f f e c t  w a s  m o re  p r o n o u n c e d  i n  t h e  a b s e n c e  o f  s a l t  a n d  
s u p  e r p h  o  s  p h a  t  e .
S u p e r p h o s p h a t e  r e d u c e d  t h e  ? Ca i n  t h e  t o p s  b y  . 1 1 4 7 ’ L u t  v /as  
w i t h o u t  i n f l u e n c e  o n  t h e  r o o t s .
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P o t a s s i u m  c h l o r i d e  c a u s e d  o n l y  s m a l l  r e d u c t i o n s  i n  t h e  c a l c i u m  
u p t a k e .
M a g n e s iu m  ( A 7 l )
T h e  m ea n  c o n t e n t s  o f  m a g n e s iu m  w e r e  . 135$  i n  t h e  t o p s  a n d  . 075?$ 
i n  t h e  r o o t s .
S a l t  a n d  am m onium  s u l p h a t e  h a d  v e r y  l i t t l e  e f f e c t .
S u p e r p h o s p h a t e  e n h a n c e d  t h e  m ean $  Mg i n  t h e  t o p s  b y  .013  a n d  
b y  .024  o n  p l o t s  w h ic h  r e c e i v e d  n o  s a l t .
X JP o t a .s s iu m  c h l o r i d e  r e d u c e d  t h e  m a g n e s iu m  l e v e l  b y  . 0 2 1  °/o i n  t h e  
t o p s  a n d  b y  . 0 0 6 $  i n  t h e  r o o t s .  P o t a s s i u m  c h l o r i d e  g i v e n  i n  t h e  
a b s e n c e  o f  e i t h e r  am m onium  s u l p h a t e  o r  s u p e r p h o s p h a t e  c a u s e d  d e c r e a s e s  
i n  t h e  o r d e r  o f  . 030^ / .
P h o s p h o r u s  (A 72 )
P h o s p h o r u s  u p t a k e  w as e n h a n c e d  b y  a l l  f e r t i l i z e r s .  T he m ean  
$  P  w a s  . 1 9 4  i n  t h e  t o p s  a n d  . 1 6 1  i n  t h e  r o o t s .
S a l t  i n c r e a s e d  t h e  a m o u n t i n  t h e  t o p s  b y  . 0 2 4 ^  a n d  i n  t h e  
r o o t s  b y  . 0 0 5 $ .  L a r g e r  a n d  m o re  s i g n i f i c a n t  i n c r e m e n t s  w e r e  f o u n d  
i n  t h e  a b s e n c e  o f  o t h e r  f e r t i l i z e r s ,  e s p e c i a l l y  s u p e r p h o s p h a t e .  T he  
n e g a t i v e  P S  i n t e r a c t i o n s  i n  e a c h  c a s e  w e r e  s i g n i f i c a n t  a n d  r e s u l t e d  
i n  i n c r e a s e s  o f  . 048* *  a n d  .0 1 9 * * $  i n  t o p s  a n d  r o o t s  f r o m  s a l t  w h en  
n o  s u p e r p h o s p h a t e  w a s  a p p l i e d .  When b o t h  s a l t  a n d  s u p e r p h o s p h a t e  
w e r e  g i v e n  t o g e t h e r  t h e r e  w a s n o  s t i m u l a t i o n  o f  p h o s p h o r u s  u p t a k e  
f r o m  s a l t .
Ammonium s u l p h a , t e  a l s o  r a i s e d  t h e  % P b y  .0 2 5 ? 0 i n  t h e  t o p s ,  
b u t  h a d  n o  i n f l u e n c e  o n  t h e  r o o t s .
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S u p e r p h o s p h a t e  i t s e l f  i n c r e a s e d  t h e  p h o s p h o r u s  c o n t e n t  o f  t h e  
t o p s  b y  .0 5 1 * * ? $  a n d  o f  t h e  r o o t s  b y  .0 3 0 * ? $ .  I n  e a c h  c a s e  t h e  
i n c r e m e n t s  w e r e  m a r k e d ly  g r e a t e r  i n  t h e  a b s e n c e  o f  s a l t  a n d  am m onium  
s u l p h a t e .
P o t a s s i u m  c h l o r i d e  h a d  o n l y  s m a l l  e f f e c t s  o n  p h o s p h o r u s  u p t a k e .
-  I l l  -
1U3RHIPS EXi'/ELHMM-riS «. SDMviAHY.
E f f e c t s  o n  Y i e l d
T a b le  2 0  g i v e s  t h e  m a in  e f f e c t s  a n d  i n t e r a c t i o n s  f o r  t h e  f o u r  
e x p e r i m e n t s  w i t h  r e g a r d  t o  f r e s h  a n d  d r y  y i e l d s  o f  r o o t s  a n d  t o p s .
T a b l e  2 0 .  Y i e l d s  o f  F r e s h  a n d  D r y  M a t t e r  o f  (T u r n ip s  ( t o n s ) .
M a in  E f f e c t s  a n d  I n t e r a c t i o n s .
EXPERIMiT 1
FRESE YIELD
2  3 4 1
DRY MATTER
2 2 4
Mean y ie ld  
Tops 3 * 7 3 2 . 9 6 3 . 3 9  5 . 0 8 .474 . 3 2 5 .4 1 9 .664
Roots 1 8 . 3 6 1 7 - 7 6 1 6 . 0 6  2 1 .4 7 1.566 1 .5 5 6 1 . 2 0 1 . 9 4
Response to  
S Tops . 1 4 .0 6 . 1 1  - . 3 4 .0 0 1 . 0 1 0 .0 0 9 - . 0 5 6
Roots 2 . 8 8 2 . 2 2 . 7-6 1 . 8 7 * . 2 8 0 . 1 6 2 .0 3 . 14*
N Tops - - . 2 2  . 1 4 - - .025 .039
Roots _ - . 2 8  .58 - — - . 0 6 .04
P Tops - . 4 4 .67 . 2 2 *  . 9 7 * * - .0 5 0 . 0 9 5 .0 2 4 .1 1 9 * *
Roots - . 6 7 7 . 1 7 S3£ 1 . 2 7 * *  5 . 0 2 * * . 0 2 8 • 5 9 1 * * . 0 8 . 46^ *
K Tops - . 7  6 s - . 3 2 . 42* *  - .1 0  
1 . 17*  .90
- . 0 7 8 * -.0 2 5 -.0 3 2
Roots . 2 3 • 4 7 .116 . 0 3 7 .11 . 0 7
In tera ctio n s  
HP Tops . c a  - .2 5 1 • 0 0 - . 0 3 2
Roots — - .20  - 1.21 - - . 0 1 - . 0 1 1
HK Tops - - .14  .32 - - . 0 1 8 . 0 3 5
Roots - - .13  - . 1 9 - - . 0 1 - . 0 3
ITS Tops - - .06  .05 - - .009 - .0 1 3
Roots — - • 4 4 *  - 7 8 - -  . - .0 1 a n r - . 0 8
PK Tops - . 3 9 - 3 9 - .2 9  . 5 9 - .0 4 2 - . 0 5 7 - .0 4 1 . 0 5 9
Roots - 2 . 1 0 . 4 8 .09  1 . 1 2  
.09  *1 . 62** 
- .5 7  - 2 . 6 1 * *
.0 0 6 - .005 . 0 3 . 1 0 srar
PS Tops - . 5 0 .6 6 - . 0 5 8 .052 .009 - . 205! /
Roots - .6 9 1.65 . 0 2 1 . 0 6 3 - . 0 5 . - . 1 9 * *
KS Tops . 1 8 .00 •  03 - 5 3 *  
-.0 1  - 1.63
. 0 3 7 - . 0 0 2 .007 -.050W
Roots -.9 9 -1.92 - . 0 1 5 - . 0 2 8 - .0 4 -.21**
-------------- ------ -------
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S a l t  i n c r e a s e d  t h e  f r e s h  a n d  d r y  y i e l d  o f  r o o t s  i n  e a c h  
e x p e r i m e n t .  T h e  o n l y  s i g n i f i c a n t  i n c r e a s e  o f  1 . 8 7 *  t o n s  o f  f r e s h
3£
a n d  0 . 1 4  t o n s  o f  d r y  m a t t e r  w a s  i n  E x p e r im e n t  4 w h ic h  w a s  t h e  s i t e  
l o w e s t  i n  r e a d i l y  s o l u b l e  p o t a s s i u m .  On t h e  o t h e r  h a n d  t h e  s m a l l e s t  
i n c r e a s e  o f  0 . 7 3  t o n s  w a s  o n  t h e  o n l y  s o i l  w h e r e  a  s i g n i f i c a n t  
r e s p o n s e  t o  p o t a s s i u m  c h l o r i d e  o c c u r r e d .  ( E x p t .  3 . )  R a t h e r  l a r g e r  
i n c r e a s e s  o f  a b o u t  2.5  t o n s  o f  f r e s h  r o o t s  w e r e  f o u n d  i n  t h e  f i r s t  
tw o  e x p e r i m e n t s .  T h e r e  i s  t h e r e f o r e  l i t t l e  c o r r e l a t i o n  b e t w e e n  
r e s p o n s e  t o  p o t a s s i u m  c h l o r i d e  a n d  r e s p o n s e  t o  s a l t .  S a l t  h a d  
n a g l i g i b l e  e f f e c t s  011 t h e  y i e l d  o f  t o p s .
Am m onium  s u l p h a t e  d i d  n o t  a l t e r  t h e  y i e l d  o f  r o o t s  i n  t h e  tw o  
e x p e r i m e n t s  i n  w h ic h  i t  w a s  u s e d .  I t  d i d  h o w e v e r  i n c r e a s e  t h e  
y i e l d  o f  t o p s  t o  a  s i g n i f i c a n t  e x t e n t  i n  E x p e r im e n t  5 ( + . 2 2 *  t o n s ) .
S u p e r p h o s p h a t e  h a d  s i g n i f i c a n t  i n c r e m e n t a l  e f f e c t s  i n  a l l  
e x p e r i m e n t s  e x c e p t  t h e  f i r s t .  T h e i n c r e a s e s  w e r e  b r o a d l y  r e l a t e d  
t o  t h e  r e a d i l y  s o l u b l e  p h o s p h o r u s  l e v e l  i n  t h e  s o i l .
E x p e r im e n t  c w t .  R e s p o n s e  t o  S u p e r p h o s p h a t e  Vfo C i t r i c  S o l  P
R o o t s  T o p s  m gs %
2 6 7 . 1 7 * *  O.67  4 . 0  D e f i c i e n t
4 3 5 . 0 2 * *  0 . 9 7 * *  3.5  D e f i c i e n t
3 3 1 . 37* *  0 . 22*  9 . 5  Dow
1 6 - 0 . 6 7  - O .44  1 3 . 0  S a t i s f a c t o r y
T h e r e  w e r e  n e g a t i v e  P S  i n t e r a c t i o n s  i n  t h e  f r e s h  w e i g h t  y i e l d s  
f o r  t h r e e  e x p e r i m e n t s  i n  t h e  c a s e  o f  t h e  r o o t s  a n d  i n  tw o  f o r  t h e  
y i e l d  o f  t o p s .  T h e y  w e r e  p a r t i c u l a r l y  l a r g e  a n d  h i g h l y  s i g n i f i c a n t
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i n  E x p e r im e n t  4* T h e r e  i s  t h u s  a  t e n d e n c y  f o r  s a l t  t o  g i v e  h i g h e r  
y i e l d s  i n  t h e  a b s e n c e  o f  s u p e r p h o s p h a t e  a n d  v i c e - v e r s a  .
P o t a s s i u m  c h l o r i d e  r a i s e d  t h e  y i e l d s  o f  r o o t s  a n d  t o p s  t o  a  
s i g n i f i c a n t  d e g r e e  i n  E x p e r im e n t  3 o n l y .  O t h e r w i s e  i t  t e n d e d  t o  
r e d u c e  t h e  w e i g h t  o f  t o p s .  rJ h e  i n c r e a s e s  i n  y i e l d  f r o m  2 c w t .  o f  
p o t a s s i u m  c h l o r i d e  w e r e  n o t  r e l a t e d , t o  t h e  r e a d i l y  s o l u b l e  p o t a s s i u m  
c o n t e n t  o f  t h e  s o i l .
E x p e r im e n t  R e s p o n s e  t o  P o t a s s i u m  C h l o r i d e  l a/o C i t r i c  S o l .  K
R o o t s  T o p s  m g s .  ^
3 1.17* O.42** 12.5 S a tis fa c to ry
4  0 . 9 0  - 0 . 1 0  8 .5  Low
2 O.47  - 0 . 3 2  1 1 . 0  Low
1 0 . 2 3  -O .76* 13*5 S a tis fa c to ry
I n  a l l  f o u r  e x p e r i m e n t s  t h e r e  w e r e  n e g a t i v e  KS i n t e r a c t i o n s  f o r  
t h e  y i e l d s  o f  f r e s h  a n d  d r y  r o o t s .  I n  o n l y  E x p e r im e n t  4 w a s  i t  
s i g n i f i c a n t  a n d  o n  t h i s  s i t e  t h e r e  w a s  a l s o  a  n e g a t i v e  i n t e r a c t i o n  
f o r  t h e  y i e l d  o f  t o p s .
E f f e c t s  o n  D r y  R a t t e r  C o m p o s i t io n  
S o d iu m
T h e  e f f e c t s  o f  f e r t i l i z e r s  o n  t h e  s o d iu m  u p t a k e  o f  t u r n i p s  a r e  
s u m m a r is e d  i n  T a b le  2 1 .
S a l t  h a d  v e i y  m a r k e d  a n d  h i g h l y  s i g n i f i c a n t  e f f e c t s  o n  t h e  s o d iu m  
l e v e l  i n  a l l  f o u r  e x p e r i m e n t s .  T h e i n c r e a s e s  h a v e  r a n g e d  f r o m  
.O 44* *  t o  . 099** /^  i a  t h e  r o o t s  a n d  f r o m  . 0 9 8  t o  . 2 9 8  i n  t h e  t o p s .  
T h e s e  i n c r e m e n t s  w e r e  g e n e r a l l y  a t  l e a s t  5 0 /°  o f  t h e  m ean  s o d iu m
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l e v e l s  i n  e a c h  c a s e .  T h e s e  r e s u l t s  a r e  d i r e c t l y  c o m p a r a b le  w i t h  t h e  
e f f e c t s  o f  s a l t  o n  k a l e .
T a b l e  2 1 .  D r y  M a t t e r  C o m p o s i t io n  o f  T u r n i p s ,  fo H a .
M a in  E f f e c t s  a n d  I n t e r a c t i o n s .
E x p t .
T o p s
1 .
R o o t s
E x p t
T o p s
.  2 .
R o o t s
E x p t
T o p s
• 3 -
R o o t s
E x p t
T o p s
.  4»
R o o t s




) !Y> . 1 4 6 .226 • 1 7 5 .402 . 1 3 4
R e s p o n s e  t o
. 102* *S r rr-« «.0 5 5 . 298* * .0 9 9 * * . 098* * ~ . .XX.044 . 2 3 7 * * .O 64*
U
- . 046*
- - - • ° 2 5 * . 0 1 8 .011 -.0 1 5P - . 0 2 4 . 0 2 8 .015 .050 . 0 2 3 .042 .020
K - . 060* * - . 0 7 9 * * - . 084* - .0 3 2 - . 0 7 4 * - . 0 3 5 * * - . 078* - . 0 3 3 * *
I n t e r a c t i o n s
HP - - - - - .0 1 2 - .0 1 3 - . 0 1 8 .011
NK - - - - - .0 4 0 - .0 1 1 - . 0 0 5 - .0 0 6
U S - - - - . 0 1 3 .010 • ° ° 3 .003
PR - .0 1 6 -.0 3 0 - . 1 0 7 - . 0 0 8 .030 -.0 0 2 .062 -.0 0 1
PS -*•033 -.0 3 2 . 0 7 4 .0 2 9 .032 .020 -.0 3 2 .004
KS - . 0 0 8 - .0 1 5 - . 0 1 7 .015 .005 -.0 0 5 -.0 0 2 . 039*
A m m onium  s u l p h a t e  h a d  l i t t l e  e f f e c t  o n  t h e  s o d iu m  l e v e l s  i n  t h e  
tw o  e x p e r i m e n t s  i n  w h ic h  i t  w a s  u s e d .  T h is  w a s  i n  c o n t r a s t  t o  t h e  
r e s u l t s  w i t h  k a l e ,  b u t  t h e  e f f e c t s  o n  y i e l d  w e r e  q u i t e  d i f f e r e n t  f o r  
t h e  tw o  c r o p s .
S u p e r p h o s p h a t e  i n c r e a s e d  t h e  fo H a i n  b o t h  r o o t s  a n d  t o p s  i n  t h e  
l a s t  t h r e e  e x p e r i m e n t s  b y  a m o u n ts  r a n g i n g  f r o m  . 0 1 5  t o  . 0 5 0 ^ .  O n ly  
i n  o n e  c a s e  w a s  t h e  i n c r e m e n t  s i g n i f i c a n t ,  a n d  t h a t  i n  t h e  t o p s  o n l y .  
T he u p t a k e  o f  s o d iu m  w a s  r e d u c e d  t h r o u g h o u t  t h e  p l a n t  i n  E x p e r im e n t  1 ,  
w h ic h  w a s  a l s o  t h e  o n l y  o n e  w h e r e  s u p e r p h o s p h a t e  d i d  n o t  i n c r e a s e  t h e
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y ie ld .  Broadly s im ila r  r e s u l ts  were found w ith k a le .
Potassium  c h lo rid e , as with k a le , c o n s is te n tly  and very  s ig n if ic a n t ly  
reduced th e  sodium uptake in  both ro o ts  and tops. In  the  tops th e  • 
depression  v aried  between .060** and .084**$ and in  the ro o ts  between 
.052 and . 079**$.
There were no marked or c o n s is te n t in te ra c t io n s .
Potassium
Table 22 summarises the e f fe c t  o f f e r t i l i z e r s  on the potassium  
conten t o f tu rn ip s .
Table 22. Dry M atter Composition of T urnips. °/o K.

















Mean 3.17 3.06 5 . 3^ 2.t o 2.41 2.05 1.98 1.68
Response to
S CM
O.1 .08 .13 .27 -.0 3 - .0 8 -.0 3 .13*
11 — — - - -.0 1 -.0 1 -.1 2 .00
P •29* -.1 4 .25 .11 -.23* -.0 5 -.1 9• 49**
-.0 7
K
In te ra c tio n s
.63 - 1! • 37 .08
i
.18 .24* .31
IP - ; .14 ■ .09 -.0 9 -.0 1
IK — _ - I .09 .07 - .1 2 - . 14**
IS — _ _ - .06 .08 - .1 1
.31*
.03
PIC .45 - .2 0 • 45 - 2 7 - .1 1 -.1 6 - .0 5
PS .28 .13 .70 .50 -.1 7 -.0 2 .11 .00
KS -.1 8 - .0 2 - 4 7 - .0 7  | - .2 3 -.1 1 .00 .06 I
... - _ J
S a lt  had v a ria b le  e ffe c ts  on potassium  up take. I t  gen era lly  
reduced i t  s l i ^ i t l y  ( . 05$) in  the tops but increased  i t  ra th e r  more 
in  the ro o ts .
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Ammonium su lp h ate  had n e g lig ib le  e ffe c ts  in  Experiment 3 and 
depressed the  $  K in  the  tops by .1 2 $  in  Experiment 4 .
Superphosphate a lso  had no co n s is te n t in flu en c e . 'ihere were 
in c rease s  and decreases in  the order of in  the  tops and .ICP/c K
in  the  r o o ts .
Potassium  ch lo rid e  always increased  potassium  up tak e . The 
increm ents were g en e ra lly  g re a te r  in  the  tops than in  the ro o ts  and
3E3E y y  /ranged up to  O.63 and 0 . 3 1 /° re sp e c tiv e ly . They d id  n o t seem 
to  be r e la te d  to  the y ie ld  response to  potassium  c h lo rid e .
The KS in te ra c t io n s  were g en era lly  n eg a tiv e .
Calcium
The e f fe c ts  of f e r t i l i z e r s  on the calcium content of tu rn ip s  fo r  
the  fo u r experim ents a re  shown in  Table 23.
Table 23 . P ry  M atter Composition of Turnips. °/o Ca.
Main E ffec ts  and In te ra c tio n s .




Tops Roots Tops Roots Tops Roots Tops Roots
Mean 2.31 .657 2.02 .397 1.80 *384 1.71 .355
Main E ffe c ts
S - .0 ? -.007 -.1 2 .054 .03 -.017 -.0 6 “ *015
K
— - - .1 4 -.006 - .0 8 -.028
P .000 -.006 .13* . 065* -.06 ..008 -.1 1 .001
K -.0 9 .015 -.13 -.004 -.0 5 -.026* -.0 2 —.012
In te ra c tio n s
HP — — - -.0 7 -.013 .07 -.007
U K
— - -.06 -.006 .01 -.015
KS _ — - .1 0 .011 .07 .017
PK .19 - .0 0  5 -.0 4 .003 -.12* .018 - .1 0 .016
PS - .1 3 - . o n - .2 0 .015 -.0 1 -.018 -.0 4 -.018
KS -.2 2 -.028 .15 -.005 -.06 • .024 ! .01 .015
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S a lt  had i r r e g u la r  e f fe c ts  on calcium  up take. They were a l l  
sm all and n o n -s ig n if ic a n t.
Ammonium su lp h a te  depressed calcium  le v e ls  in  the  two experim ents 
in  which i t  was used . In Experiment 4 the decrease of .028*^ was 
s ig n i f ic a n t .
Superphosphate s tim u la ted  calcium  uptake in  the tops and ro o ts  
in  only one experim ent. I t  was g en e ra lly  w ithout e f fe c t  in  th e  o th ers  
hu t tended to  depress the calcium content of the tops in  Experiment 3 
and 4*
Potassium  ch lo rid e  norm ally reduced the % Ca in  both ro o ts  and 
to p s . In  the  ro o ts  the f a l l s  ranged up to  .026 and in  the  tops 
to  . 13$ .
Magnesium
Hone of the f e r t i l i z e r s  appreciab ly  a l te re d  the magnesium 
le v e l .  Table 24 summarises the r e s u l t s .
S a lt  g e n e ra lly  reduced the magnesium conten ts by amounts 
ranging  up to  .OOJfi,
Ammonium su lp h a te  and superphosphate had very sm all and i r r e g u la r  
e f f e c t s .
Potassium  ch lo rid e  c o n s is te n tly  reduced the Mg. Root 
magnesium f e l l  by amounts of up to  . 007/^ « The le v e l in  the tops 
was decreased by between .007 •021/0.
The ICS in te ra c t io n s  were g en era lly  p o s itiv e  in d ic a tin g  th a t 
s a l t  and potassium  ch lo ride  re in fo rce  each o ther in  reducing magnesium 
uptake.
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Table 24 • Dry M atter Composition of Turnips. c/o Mg.
Main E ffec ts  and In te ra c tio n s .
Expt
Tops












.  4 .
Roots
Mean . 2 0 4 .105 . 2 0 8 .0 8 2 .132 . 0 8 1 . 1 5 5 .075
Response to
S - . 0 0 7 - .0 0 6 r—
OO
• - . 0 0 4 . 000 - . 006* - .0 0 4 . 0 0 3
N - jr - - - .0 0 2  - . 0 0 3 .004 .004
P .002 -.0 0 9 .002 - . 0 0 5 .002  - .003 ' 0 1 h .001K - . 0 0 7 - .0 0 5 -.0 1 5 -.002 - . 0 0 8  -
*c~-00• - .0 2 1  --.006
In te ra c tio n s
i
HP - - - - - .0 0 2  - .001 .001 .002
NIC - - - - - .0 0 1 .002 .010 .000
NS - - - - - .0 0 1  - .003 . 0 0 8 .004
PK . 0 0 7 - .0 0 5 - . 0 0 8 . 0 0 4 .005 .001 . 0 0 9 . 0 0 5




............... . .. .. .
- . 0 0 8 .0 0 3 .006 . 0 0 8 * * -.002 .001
Phosphorus
Table 25 p re sen ts  the data regard ing  the e f fe c ts  of f e r t i l i z e r s  
on the  phosphorus con ten t of tu rn ip s .
S a lt  has increased  the  i* P in  each experim ent. The in c reases  
ranged up to  .038*^ in  the ro o ts  and to  . 030/^  in  the to p s .
Ammonium su lphate  had ir r e g u la r  e f ie c ts  in  the two experiments
in  which i t  was used .
Superphosphate c o n s is te n tly  increased  the u/o P in  both ro o ts  and 
tops. The increm ents were la rg e  and s ig n if ic a n t ,  ranging up to  
.067**^ in  the ro o ts  and . 056*^0 in  the tops.
-  119 -
Table 25. Dry Matter Composition of Turnips. P.
Main E ffec ts  and In te ra c tio n s .
Expt. 1. Expt. 2. Expt. 3« Expt . 4 *
Tops Roots Tops Roots Tops Roots Tops Roots
Mean .165 .291 .135 .157 .189 .210 .194 .161










































































Potassium  ch lo rid e  had v ariab le  e f fe c ts .  There were both 
s ig n if ic a n t  in c rease s  and decreases.
In  Experiment 4 th e re  were la rge  and s ig n if ic a n t  negative  PS 
in te ra c t io n s  in  both ro o ts  and tops, but the rem aining in te ra c tio n s  
were g e n e ra lly  sm all and i r r e g u la r .
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SXriglBIMS WImH grass
S a l t  has been used f o r  many years on g rass  by some farm ers in  
those a reas  ad jacen t to  the sources of production in  Cheshire and 
S ta f fo rd s h ire .  In ad d itio n  to  the p o ssib le  e f fe c ts  on y ie ld  i t  i s  
re p o rted  to  p reserv e  the freshness of the vegeta tion  in  dry weather 
and to  in c re ase  the  p a la t a b i l i ty  of o lder and coarser m a te r ia l.
There have been no recorded experiments in  th is  country .
R eports from Mew Zealand however have in d ica ted  th a t  s a l t  may be 
of b e n e f i t  to  g rass  (which presumably includes c lo v e r) . lynch (1954) 
has shown from the  re s u l ts  of 15 t r i a l s  w ith s a l t  on potassium  
d e f ic ie n t  s o i l s  th a t  i t  may be of considerable  b e n e f i t .  On sandy 
s o i ls  g rass  responded to  s a l t  only i f  no potassium ch lo rid e  was 
g iven . On "ash” s o i ls  sm all re tu rn s  were found even i f  given in  
combination w ith  added potassium . S a lt did no t improve y ie ld s  on 
b a s a l t  s o i l s .  The c lo v er (wild w hite) grew b e t te r  and th e re  was 
more uniform  and c lo se r  g razing . There was an improved potassium  
uptake r e s u l t in g  from the  s a l t  a p p lic a tio n s .
B e l l(1955) and During (1957) a lso  in  Mew Zealand have . 
rep o rted  th a t  s a l t  may be of b e n e fit to g rass under potassium  
d e f ic ie n t  co n d itio n s .
Gammon (1953) found in  pot experiments th a t pangola grass 
(which has a very high potassium requirem ent) could have two—th ird s  
of th is  need rep laced  by sodium without loss  of crop. There was no 
d ire c t  b e n e f it  with o ther grasses with lower potassium  requirem ents.
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Clover made poorer growth as sodium was su b s ti tu te d  fo r  potassium .
R eference has a lread y  been made (p .5 ) to  the e f fe c t  th a t  a 
number of workers have rep o rted  th a t lucerne p a r t ic u la r ly  and various 
c lo v ers  a re  responsive to  s a l t ,  more e sp e c ia lly  under potassium  
d e f ic ie n t  c o n d itio n s .
Pour experim ents to  in v e s tig a te  the e f fe c t  of s a l t  in  a sso c ia tio n  
with o th e r  f e r t i l i z e r s  on the growth and composition of g rass  ha.ve 
been com pleted. In each case the f e r t i l i z e r s  were ap p lied  to  
e s ta b lish e d  swards. There were two experiments in  1956 a^d two in  
1957 in  each year one was s i te d  on a sward high in  c lover and 
the o th e r on alm ost ex c lu siv e ly  g rass sp ec ie s .
3h 1956, the  trea tm en ts in v e s tig a te d  were
0 and 3 cwt. Ammonium Sulphate N
0 and 3 cwt.Superphosphate P
0 and 2 cw t.Potassium  Chloride K
0 and 4 cwt. S a lt  S
The layou ts  were in  standard  2 x 2 x 2 x 2 f a c to r ia l  designs of 
4 blocks of 8 p lo ts ,  the NPKS in te ra c tio n  being confounded between 
the two complete r e p lic a te s  in  each experim ent.
At one s i te ,  (Experiment l )  e ig h t a d d itio n a l p lo ts  were la id  
down to  in v e s t ig a te  the e f fe c t  of h igher lev e ls  of f e r t i l i z e r  
a p p lic a tio n , namely
6 cwt Ammonium Sulphate
in  a l l  combinations.
4 cwt Potassium ch lo ride  
8 cwt S a lt
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A ll the f e r t i l i z e r s  were app lied  in  the sp rin g  in  a s in g le  
a p p lic a tio n , and in  each case two cuts of herbage were taken fo r  
y ie ld  d e te rm in a tio n s, bu t sampling fo r  an a ly s is  was done more 
fre q u e n tly .
In 1957 two fu r th e r  experiments were commenced. The trea tm en ts 
were as fo llo w s .
0 and 3 cwt. Ammonium Sulphate N
In a d d itio n , d ressings of 3 cwt of ammonium su lphate  
were given a f t e r  each of the sev e ra l cu ts  taken.
0 and 3 cwt. Superphosphate P
0 and 2 cwt. Potassium  Chloride K
0 and 4 cwt. S a lt  S
0 and 2 cwt. Magnesium Sulphate
(hydrated) M* .
The p lo ts  were la id  out in  standard  layouts in  4 blocks of 8. 
The SMP, SNK, and MPK in te ra c tio n s  were confounded between b locks. 
2he a n a ly s is  of variance was as fo llow s.
Degrees of freedom
Main E ffe c ts  5
In te ra c tio n s  2 fa c to r  10
3 fa c to r  (ex c l. SMP & SNK) 8
4 fa c to r  (ex c l. MNPK) 4
5 fa c to r  1
Blocks (SMP. SNK. MNPK) 3
TOTAL 31
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I t  was hoped th a t  the repeated  n itro g en  top—dressings would 
e s ta b lis h  se rio u s  potassium  defic ien cy  and these  experiments w il l  
be continued a t  le a s t  in to  1958 with th is  o b jec t in  mind.
P lo t S ize
In each experim ent, p lo ts  of .005 acre  have been used as is  the
u su a l p ra c t ic e .  These were la id  down in  narrow p lo ts  each 4 f t .  wide
and 54-g- f t .  long. A fte r marking the boundaries w ith s t r in g  the
mixed f e r t i l i z e r s  were app lied  by hand.
H arvesting  and Sampling
The herbage was cu t a t  app rop ria te  times by means of an A llen 
A utoscythe. This was employed to take a 3 f t .  cu t from the cen tre  
and running the  e n t i r e  length of each p lo t .
Samples were taken by bulking 25 handfuls of the cu t herbage 
obtained a t  random from the whole leng th . The autoscythe leaves a 
tid y  swath and th e  samples rep resen t the e n tire  cu t m a te ria l w ithout 
lo ss  of l e a f .  The samples were tran sp o rted  to  the labora to ry  in  
polythene bags.
Sample Treatment
In view of th e  la rg e  d iffe ren ce  in  m ineral composition between 
g rasses and c lo v ers  and the e ffe c ts  of f e r t i l i z e r s  on the b o tan ica l 
composition of the sward, i t  was decided to  sep ara te  the g rasses and 
clovers and to  analyse  them sep a ra te ly .
Each sample, weighing gen era lly  over 1 Kg. was spread on a 
ta b le  and sep ara ted  in to  grasses and c lo v ers. They were then weighed
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f r e s h , d r ie d  a t  100°&, reweighed and ground. In e v ita b ly  some sm all 
lo ss  of w ater occurs during the d iv is io n  and th is  was kept to  the 
minimum by working in  a cool room. Some re s p ira t io n  a lso  takes 
p lace  in  the  samples which of n e ce ss ity  have to  w ait a few hours 
befo re  s e p a ra tio n . This has been kept to  the  minimum by s to r in g  
the  sam ples in  a r e f r ig e r a to r .  In any event the  water lo ss  was sm all 
and a l l  samples were d e a lt  w ith on the day of c u ttin g .
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GRASS EXPMB1MT 1. 1956
S ite  Cochno. Dumbartonshire.
S o il Heavy loam, w ell d rained .
Exchangeable Na 7.5 mgs. °/o
1 °jo C itr ic  Sol. P 12.5 mgs. v/o S a tis fa c to ry
1 °/o C itr ic  Sol. K 12.5  mgs. fo S a tis fa c to ry
pH 6.5
Sward Composition
The sward consisted  predom inately of perenn ial 
ryeg rass w ith red  and w ild w hite c lo v ers . I t  had been sown under 
oa ts in  the p rev ious year.
F e r t i l i z e r  Treatments and Layout
A ll combinations of the  fo llow ing treatm ents were 
in v e s tig a te d  in  a 2^ f a c to r ia l  design of 32 p lo ts  in  4 blocks of 8 , 
the NPKS in te ra c t io n  being confounded between re p l ic a te s .
0 and 3 cwt Ammonium Sulphate N
0 and 3 cwt Superphosphate P
P and 2 cwt Potassium Chloride K
0 and 4 cwt S a lt  S
To e ig h t fu r th e r  p lo ts  immediately ad jacen t to the above were 
app lied  a l l  combinations of the follow ing h igher ra te s  of N, K and S. 
0 and 6 cwt Ammonium Sulphate N2
0 and 4 cwt Potassium Chloride K2
0 and 8 cwt S a lt  S2
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In  each case the whole of the f e r t i l i z e r s  were ap p lied  as one s in g le  
treatm ent on A p ril 5th . Although th a t day was o v e rcas t, no ra in  
f e l l  f o r  alm ost th ree  weeks and there  were severe scorching  e f fe c ts  
on the c lo v er from s a l t  a t  both the 4 and 8 cwt r a te s .  To some 
ex ten t the e f fe c ts  were more pronounced with the combined s a l t  and 
potassium  ch lo rid e  d re ss in g s . This was e n t i r e ly  due to  re te n tio n  
on the  c lo v er le av es . The scorching tended to  be ra th e r  i r r e g u la r  
and the r a th e r  h igh  standard  e rro rs  in  th is  experiment fo r  y ie ld s  
of c lo v er can be a t t r ib u te d  to  th i s .
As a. r e s u l t  o f the reduced c lover, supplementary n itro g en  was 
no t ap p lied  l a t e r  in  the year in  order no t to e lim inate  i t  e n t i r e ly  
from the sward.
The herbage was sampled four times during the y ear, namely;
A. May 5th , a t  the g raz ing  s tag e .
B. May 30th , a t  the e a r ly  hay s tag e , when the f i r s t  cu t was taken.
C. Ju ly  2 1 s t, when the  g rass had re-grown to the s ila g e  stage  and
the second cu t was taken.
D. August 21st, a t  the subsequent afterm ath g razing  s tag e .
S a lt  adverse ly  a ffe c te d  clover y ie ld s  and ammonium su lphate  
g re a tly  in c reased  the growth of herbage up to the f i r s t  cu t. T h erea fte r 
i t  had l i t t l e  n e t  e f fe c t  as i t  fu r th e r  depressed the c lover but a t  
the same time increased  the g ra ss .
Tables A73 -  A87 give the e ffe c ts  of the various treatm ents on 
the y ie ld  and composition of the grass and c lover.
-  127 -
Y ields of Dry M atter (A76 & A77)
The mean y ie ld  of to t a l  dry m atter a t  the f i r s t  cu t was 21.64  cwt 
of which I 6 . 4I  was g rass  and 5*23 c lo v er. At the second cu t the 
to ta l  y ie ld  was 23.04 cwt, 15.00 being grass and 8.04  being c lo v er.
S a l t  g e n e ra lly  depressed the y ie ld s  of to ta l  dry m atte r by 
reason of i t s  adverse e f f e c t  on the c lo v er. At each cu t the c lover 
was decreased by a mean value of about 2.3 cwt and th is  was s ig n if ic a n t  
a t  the 5 l eve l .  G reater damage occured to the c lover on p lo ts  
re c e iv in g  phosphorus and /or potassium  in  ad d itio n  to  the s a l t .  S a lt  
s l ig h t ly  in c reased  the y ie ld  of g ra ss . 'This may no t be e n tir e ly  
a t t r ib u ta b le  to  a d ire c t  n u tr i t io n a l  e f fe c t  bu t perhaps to the 
reduced com petition  from c lo v er.
Ammonium su lp h ate  g re a tly  increased  -the to ta l  dry m atter a t
XXthe f i r s t  cu t by 11.93 cwt. Ihe main e f fe c t  was to in c rease  the
XX XXgrass by 14*50 cwt and to  depress the  c lover by 2.58 cwt. The 
re s id u a l e f f e c t  of the s in g le  d ressing  of ammonium su lphate  was very 
sm all and a t  the  second cu t the in crease  in  to ta l  dry m atter was only 
1.35 cwt. There were however marked d iffe ren ces  between grass and
XXc lo v er. Ihe g rass  increased  by 7*84 cwt and th e  c lover y ie ld  
f e l l  by 6 . 5I** cwt. Again, the c lover depression was g re a te r  in  
the absence of potassium .
Superphosphate had only a small in fluence  on the y ie ld  of to ta l  
dry m a tte r, in c reases  of 1.21 cwt being recorded a t  each cu t. Grass 
and c lo v er co n trib u ted  equally  to th i s .
Potassium  ch lo rid e  depressed the y ie ld  of to ta l  dry m atter by 
about 1.5  cwt a t  each cu t, the m ajo rity  of the f a l l  being due to the
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reduction in clover. One particularly large decrease of 4.42* cwt 
was found in the second cut for the total dry matter on plots which also 
received no nitrogen.
Ihese effects were a ll accentuated in the additional plots 
where higher rates of ammonium sulphate, potassium chloride and salt 
were applied.
Salt at 8 cwt/acre greatly reduced yields at both cuts by its  
almost catastrophic effect on the clover. Clover was almost 
entirely eliminated by the initial scorching particularly when 
ammonium sulphate and/or potassium chloride were also applied.
Ammonium sulphate at 6 cwt increased yields to a markedly 
greater extent than the 3 cwt application. Again, its effect was to 
increase the grass at the expense of the clover.
The 4 cwt application of potassium chloride reduced the yield 
relative to the control plot at the first cut, but when given in 
association with ammonium sulphate produced the largest yield of 
total dry matter at both cuts, but the clover was s t i l l  adversely 
affected and the dry matter was almost entirely grass.
Composition of the Dry M atter
Sodium (A 78 & A79)
The mean °/o Na in the grass was .266 at the first sampling and 
fe ll steadily to .062/ at the fourth. 3h the clover a more or less 
steady value of about .1 0 0 / i  was maintained throughout. Very large
variations were recorded from one treatment to another. In the
grass the range was from .022/c on a K plot at the fourth sampling
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to .8 0 0 / on an NS p lo t  a t  the f i r s t .  In c lover the h ig h e s t sodium 
con ten t was *332 on a PS p lo t  in  the f i r s t  sample and the low est was 
.0 2 5 / on a PK p lo t  a t  the fo u r th .
S a lt  c o n s is te n tly  increased  the  /  ha in  g rass  and c lo v er a t  a l l  
times by la rg e  and s ig n if ic a n t  amounts. In g ra s s , the in c reases  
were much the g re a te s t  a t  the f i r s t  two samplings ( . 167** and . 134* * / 
re s p e c tiv e ly )  than in  the th ird  and fo u rth  ( . 053** and . 022* /) .
For the  A and B samples s a l t  increased  the /  Na most in  the  presence 
of ammonium su lp h a te . This was however reversed  in  the C and D 
sam ples. The e f f e c t  of s a l t  on the clover was ra th e r  more uniform , 
in c reases  f a l l i n g  from . 102* * / a t  the f i r s t  to . 033**/' a t  the fo u rth  
sam pling. S a l t  a t  the 8 cwt ra te  on the a d d itio n a l p lo ts  increased  
the sodium le v e l to an even g re a te r  degree. Amounts as high as .900 
and . 480/  were found in  the g rass and c lover re sp e c tiv e ly .
Ammonium su lphate  increased the sodium le v e l o f grass in  the A
XXand B samples as much as did s a l t ,  the  mean increments being .148
XXand .179 re sp e c tiv e ly . Yi/hen n itrogen  was no longer in c reasin g  
y ie ld s  a t  the C and D samplings i t s  in fluence  on ra is in g  the /  Na 
was much reduced and was only .0 0 6 / in  the l a s t  sample.- In the 
f i r s t  two samples the e f fe c t  of n itro g en  was g re a te r  in  the 
presence of s a l t .  There were a lso  very large  and s ig n if ic a n t  
negative  NK in te ra c t io n s  and thus ammonium su lphate  had a much 
reduced in flu en ce  on sodium uptake when app lied  in  a sso c ia tio n  
with potassium  ch lo rid e . For example, in the f i r s t  sample ammonium
XXsu lphate  alone increased  the /  Na by .254 DUt  by only .042 when
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given w ith potassium  c h lo rid e . The in fluence  on c lover was very- 
much sm alle r and n o n -s ig n if ic a n t. There was e i th e r  no e f f e c t  o r
an in c re ase  o r decrease of . 03O,'. The sm all reductions a t  the A and B
samplings may he a sso c ia te d  w ith the decrease in  c lover y ie ld .  At 
the h ig h e r r a te  of 6 cw t/acre  on the a d d itio n a l p lo ts ,  the sodium 
le v e l of g rass  was increased  more and the e f fe c t  was more prolonged.
Even th is  h igh  r a te  of n itro g en  however was no t ab le  to increase  
the /  Na in  the presence of potassium ch lo ride  and a low le v e l of 
as l i t t l e  as .0 1 0 / Na was found a t  the fo u rth  sampling on the p lo t  
re c e iv in g  4 cwt  of potassium  ch lo rid e . As in  the main experiment 
there  was no in c rease  in  the sodium le v e l of the c lo v er.
Superphosphate had the general e f fe c t  of depressing  sodium
uptake in  both g rass  and c lo v er. In g ra ss , the la rg e s t  reductions 
were in  the ea.rly p a r t  of the season, bu t in  the c lover the C and 
D samples were showing the g re a te r  f a l l s .  In each case the 
decreases were s ig n if ic a n t ly  g re a te r  where n itro g en  was a lso  given.
Potassium  ch lo rid e  had outstanding e ffe c ts  in  reducing sodium
XXuptake. In  the g rass  the mean reduction  f e l l  from -.105 in  the 
A sample to  -.O 47* * / in  the l a s t .  In clover the e f fe c t  was 
reversed  in  th a t  the f i r s t  sample showed a depression of .0 1 7 / arid 
the fo u rth  a  reduction  of . 056** /. In n e ith e r  case were the KS 
in te ra c t io n s  of im portance, bu t there  were la rge  and s ig n if ic a n t  
negative  NR in te ra c t io n s  throughout. Potassium thus depressed the 
/  Na most when given toge ther with ammonium su lphate . Potassium 
ch lo rid e  a t  4 cwt  per acre  on the a d d itio n a l p lo ts  had correspondingly
g re a te r  e f i e c t s .  e .g . In the B sample the /  Na in  the g rass  was 
.275 in  the  N p lo t ,  .055 in  the NK, .900 in  the NS and .395 f o r  the 
NKS trea tm en t. S im ila r trends were found in  the c lo v er.
Potassium  (A80 & A8l )
The potassium  contents of the grass and clover were h ig h e s t in  
the f i r s t  sample being 3.36 and 3 .1 2 / re sp e c tiv e ly . In c lover the 
amount f e l l  s te a d i ly  to 1. 86/  and the trend  in  Hie g rass  was s im ila r  
bu t more i r r e g u la r .  There was considerable v a r ia tio n  in  the /  K
in  d i f f e r e n t  p lo t s .  Thus in  the grass the range was from 4*80/ in
the A sample o f an NPK p lo t  to  1 .3 0 / in  an NP p lo t a t  the th ird  
sam pling. In  c lo v e r , 4*0/ was reached in  the NPK p lo t  in  the f i r s t  
sample and 0 .9 5 /  i *1 the G sample of the NP p lo t .
S a lt  had l i t t l e  e f fe c t  on the mean /  K of the g ra ss . There 
were sm all in c re a se s , e sp e c ia lly  in  the presence of n itro g en  fo r 
the A and B samples followed by small depressions in  subsequent 
sam ples. For the  f i r s t  two samples there were la rg e  and 
s ig n if ic a n t  negative  KS in te ra c tio n s  which led  to  s a l t  inc reasin g  
the /  K when no potassium  ch loride was given but reducing i t  when 
the two were ap p lied  to g e th e r. S im ilar tren d s , inc lud ing  the 
s ig n if ic a n t  neg a tiv e  KS in te ra c tio n s  were found in  the c lover, bu t 
the o v e ra ll  e f f e c t  was ra th e r  more i r r e g u la r  than w ith g ra s s . The 
a d d itio n a l p lo ts  rece iv in g  8 cwt of s a l t  a lso  showed much the same 
e ffe c ts  on potassium  uptake.
Ammonium su lp h ate  increased  the potassium uptake o f grass
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markedly a t  the f i r s t  two samplings hu t the in crease  in  weight of 
crop removed was re f le c te d  in  lower subsequent up takes. In the A 
sample the mean e f f e c t  was as high as +0.74**/• and the depressions 
in  the C and D samples were -O .46** and -0 .2 8 * * / re sp e c tiv e ly .
There were la rg e  and s ig n if ic a n t  p o s itiv e  Nk in te ra c tio n s  r e s u lt in g  
in  much, in c reased  potassium  uptakes when ammonium su lphate  and 
potassium  c h lo rid e  were given together, being as high as 1 .21**/ in  
the A sample. S im ilar trends in  the o v e ra ll e f fe c t  of ammonium 
su lphate  were found in  the clover and again there  were la rg e  and 
s ig n if ic a n t  p o s i t iv e  NK in te ra c t io n s . In the absence of potassium  
ch lo ride , ammonium su lphate  co n sis te n tly  reduced the /  K of c lo v er.
On the p lo ts  which had 4 cwt  of potassium ch lo ride  h igher potassium  
values were ob tained  and s a l t  a t  the 8 cwt r a te  tended to  reduce the 
in c reases  in  both grass and c lover.
Superphosphate increased  the mean content of potassium  in  both 
grass and c lover by amounts ranging up to 0 .3/» In the g ra ss , 
the e f f e c t  was much reduced a f te r  the f i r s t  sample but was much 
more prolonged in  c lo v e r . Tha absence of s a l t  and the presence of 
ammonium su lp h ate  a lso  re su lte d  in  la rge  increments in  the /  K of 
c lover from superphosphate.
Potassium  chlox'ide i t s e l f  caused la rge  and s ig n if ic a n t  increments 
in  ihe potassium  contents of both grass and clover a t  a l l  s tag e s .
The in c rease s  ranged from .2 to »5Z and were a l l  s ig n if ic a n t  a t  the 
1 /  le v e l .  In the g rass there were larg;e and s ig n if ic a n t (P ** .01) 
negative KS in te ra ,c tio n s  which re su lted  in  potassium ch lo ride
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in c re a s in g  the /  K by very la rg e  amounts bu t only in  the absence of 
s a l t .  When s a l t  was app lied  the increases were sm aller and non­
s ig n i f ic a n t .  In g rass  a lso  there  were la rg e  and h igh ly  s ig n if ic a n t  
p o s it iv e  Nk in te ra c t io n s  and th is  re su lte d  in  potassium  ch lo rid e  
having no e f f e c t  on potassium  uptake in  the absence of ammonium 
su lp h a te . There were a lso  la rg e  negative  KS and p o s itiv e  NK 
in te ra c t io n s  fo r  the c lo v e r . Potassium ch lo ride  app lied  a t  4 cwt 
per a c re  on the a d d itio n a l p lo ts  only increased  the  /  K when given 
in  a s so c ia tio n  w ith ammonium su lphate .
Calcium (A82 & A83)
The mean calcium  content of the c lover remained f a i r l y  steady 
a t  about 2 .0 /  throughout, bu t in  the grass the le v e l f lu c tu a te d  
between .48 and . 63/*
* XXS a lt  depressed the /  8a in  the A sample of g rass  by .049 but 
th e re a f te r  had no in flu en ce . In c lover there  were sm all reductions 
of about . 05/  in  the  f i r s t  two samples and corresponding increm ents 
in  the l a s t  two. The ad d itio n a l p lo ts  which had 8 cwt of s a l t  
showed s im ila r  tre n d s , calcium being reduced in  the e a r ly  grass 
samples and c lover re a c tin g  in  an ir r e g u la r  manner.
Ammonium su lp h ate  tended to  decrease the mean /  Ca of the g rass 
by amounts in  the o rder of .0 1 7 / fn a -^ except the B sample. The
XX X /f i r s t  sample showed s ig n if ic a n t  reductions of .057 .036 /  in
the presence of superphosphate and potassium ch lo ride  re sp ec tiv e ly . 
There was a lso  a la rg e  negative  NP in te ra c t io n  a t  the fo u rth  
sampling. Ammonium su lphate  markedly reduced the calcium conten t
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of the c lo v er by .22** and . 32* * / a t  the f i r s t  two sam plings, but 
in c reased  th e  uptake s l ig h t ly  th e re a f te r .  On the a d d itio n a l p lo ts  
a t  6 cwt p e r acre  i t  g en e ra lly  reduced the calcium in  the A sample 
bu t in c reased  i t  in  the l a s t  one.
Superphosphate s tim u la ted  the calcium uptake of the grass a t  
a l l  b u t the th ir d  sampling, th a t  of . 023/  a t  the f i r s t  being alm ost 
s ig n i f ic a n t .  There were la rg e  negative  NP and PS in te ra c tio n s  
a lso  in  the A sample. I t  had alm ost no e f fe c t  on the c lo v er.
Potassium, ch lo rid e  c o n s is te n tly  depressed the /  Ca in  the grass 
by amounts rang ing  from .010 to .026*/. There was l i t t l e  
in flu en ce  on the c lover and when given a t  4 cwt per acre  on the 
a d d itio n a l p lo ts  th e re  was no appreciab le  fu r th e r  in flu en ce .
Magnesium. (A84 & A85)
The mean /  Mg in  Hie grass was . 115 in  the A sample f a l l in g  to 
about .095 a t  the  B and C, and r is in g  to .129 in  the f in a l  sample.
In the c lo v er the le v e l dropped s te a d ily  from .260 to  .218/.
S a l t  had l i t t l e  e f fe c t  on the grass a t  the f i r s t  two samplings 
bu t depressed the uptake by .008* and . 017* /  a t  'the th ird  and 
fourth ,. The decrease was much the la rg e s t  on these l a te r  samples 
on p lo ts  which had n itro g en  (-.029**) or in  the absence of phosphorus 
(-.020**) o r potassium  (-.030**). In c lover the la rg e s t  reduction  
was in  the A sample and again the f a l l  was g re a te s t in  the 
presence of n itro g en  and the absence of phosphorus or potassium .
On the a d d itio n a l p lo ts  with 8 cwt of s a l t  the magnesium le v e l in  
the g rass  f e l l  even more, e .g . a t  the t i r s t -  cu t s a l t  reduced the
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/  ii/Ag from .114 to  . 074, bu t th e re  was no fu r th e r  in flu en ce  on the 
c lo v e r .
Ammonium su lp h a te  s ig n if ic a n tly  increased  the /  Mg of g rass  a t  
the f i r s t  (.030  ) and second ( . 015**) sam plings, bu t th e re a f te r  was
w ithout e f f e c t .  Increases were a lso  found in  the c lo v er a t  a l l  
except the second sam pling. Where 6 cwt of ammonium su lphate  was 
ap p lied  the magnesium was increased most in  the c lover, e .g . the 
/  Mg on the  n i l  p lo t  was .216, .230, .176 and .198 as the season 
progressed  and . 284, . 216, .234 and *250 on the N p lo t .
Superphosphate depressed the /  Mg in  grass throughout by
X famounts rang ing  up to  .010 /  in  the f i r s t  sample. G reater 
red uc tions were found when superphosphate and ammonium sulphate  
were ap p lied  to g e th e r. I t  a lso  reduced the uptake in  c lover by
XX 'amounts rang ing  up to  .020 % and again the decreases were much 
g re a te r  in  the presence of ammonium su lphate .
Potassium  ch lo rid e  reduced the /flfWjin both g rass and clover 
by up to  .0 1 0 / bu t the e ffe c ts  were no t s ig n if ic a n t .  When given 
a t  4 cwt per acre  on the  a d d itio n a l p lo ts  i t  tended to  reduce the 
uptake p a r t ic u la r ly  when app lied  alone or in  a sso c ia tio n  with s a l t .
Phosphorus (A86 & A87)
The mean /  P of the g rass remained f a i r ly  steady a t  about . 27/  
except in  the C sample when i t  f e l l  to  about .2 2 /. In the clover
the le v e l was much the h ig h est in  the f i r s t  sample ( . 320) f a l l in g
to .222 in  the second, .137 a t  the th ird  and .163 a t  the fourth..
S a lt  had l i t t l e  in fluence  on the /  P in  grass except in  the D
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sample when i t  in creased  the le v e l by .0 2 1 /. I t  tended to  reduce 
the co n ten t of th e  c lover by amounts ranging up to .0 1 6 /. The 
d re ss in g  of 8 cwt p e r acre  on the a d d itio n a l p lo ts  a lso  had no 
in flu en ce  on the g rass bu t markedly reduced the le v e l in  the c lover, 
e .g .  in  the A sample there  was .2 4 5 / P in  the n i l  p lo t  and .1 2 0 / 
in  the. S p lo t  and in  the D sample, .200 and .085 re sp e c tiv e ly .
This no doubt r e f le c t s  the severe in ju ry  by scorching to the c lover 
in  the e a r ly  s ta g e s .
Ammonium su lp h a te  did n o t a l t e r  the phosphorus uptake of the 
e a r ly  g rass  samples but markedly reduced i t  in  the l a t e r  two by 
about .040**/-. These were much reduced in  the presence of s a l t  
and g re a t ly  in c reased  where superphosphate was a lso  given, e .g . to
XX-.074  Z in  the  D sample. Ammonium sulphate  s ig n if ic a n tly  increased
j  Xthe /  P in  c lo v er a t  the f i r s t  and second samplings by .027 and
X . X• 032 re s p e c tiv e ly  bu t there  were subsequent reductions of .025 
and .027**/. In each case there were large  and s ig n if ic a n t  
neg ativ e  UP in te ra c t io n s  and in  the A sample the phosphorus le v e l 
was markedly increased  in  the absence of s a l t .  when given a t  6 cwt 
per a c re , ammonium su lphate  fu r th e r  depressed the uptake of phosphorus 
by both g rass  and c lover.
Superphosphate i t s e l f  increased  the /  P in  the grass by about 
.0 2 2 / a t  the f i r s t  two samplings and reduced i t  by a s im ila r  amount 
Q-t the fo u r th . Very comparable re s u lts  were found in  the c lover.
Potassium  ch lo rid e  generally  decreased phosphorus lev e ls  in  
bo Hi g rass  and c lo v er by amounts ranging up to .015/. Tit very 
markedly reduced the amount in  clover when given a t  4 cwt per a c re .
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GRASS EXPERBIENT 2. 1956.
S ite  B alloch. Dum bartonshire.
S o il Red sandstone d r i f t .
L igh t loam, f r e e ly  d ra in ed .
Exchangeable Na 3.5  mgs. fo
C i t r ic  Sol. P 7.5  mgs. °/o Low
Vfo C i t r ic  S o l. K 8 .0  mgs. fo Low
Sward Predom inately p e re n n ia l ry e g ra ss , no c lo v er.
Reseeded under oa ts in  1954.
F e r t i l i z e r  Treatments and Layout
llie  experim ent in v e s tig a te d  the presence and
absence of
3 cwt Ammonium Sulphate N
3 cwt Superphosphate P
2 cwt Potassium  Chloride K
4 cwt S a l t  S
Ihe trea tm en ts  were arranged in  4 Llocks o f 8 p lo ts ,  w ith the NFKS
in te ra c t io n  confounded between the two complete r e p l ic a te s .
Ihe f e r t i l i z e r s  were ap p lied  on A p ril 4 th  and th e re  was an
o u ts tan d in g  response to ammonium su lp h ate  a t  the f i r s t  c u t, bu t n o t
th e r e a f te r .
2!he crop was sampled th ree  tim es.
A May 15th a t  the s ila g e  s tag e .
B June 20th a t  the hay s tag e  when the f i r s t  cu t
was taken . Mean D.M. y ie ld  16.9 cwt.
C August 24th  when the subsequent regrowth had 
reached th e  s i la g e  stage  and the second cu t was
taken. Mean D.M* y ie ld  8 .0  cwt.
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Tables A88 — A94 p re sen t the e ffe c ts  of the f e r t i l i z e r s  on the 
y ie ld  and com position.
Y ields of Dry M atter (A89)
The mean y ie ld s  a t  the f i r s t  (b) and second (C) cu ts were 16.91 
and 7*98 cwt re sp e c tiv e ly . There were su b s ta n tia l  y ie ld  increm ents 
from ammonium su lp h a te , bu t a t  the f i r s t  cu t only.
S a l t  in c reased  the mean y ie ld  a t  the f i r s t  cu t by 1.39 cwt and
3€by 2.33 cwt in  the absence o f potassium c h lo rid e . Die mean y ie ld  
increm ent was sm alle r , bu t s ig n if ic a n t a t  O.46 cwt a t  the second 
cu t and i t  was again  g re a te r  in  the absence of potassium  ch lo rid e . 
Ammonium su lp h ate  increased  the mean y ie ld  a t  the f i r s t  cu t
3E3Eby 7.84 cwt. There was an appreciable  NK in te ra c tio n  of 0.88 cwt. 
The mean y ie ld  o f th e  second cu t was unaffected  by ammonium su lphate .
Superphosphate had only sm all e f fe c ts  on y ie ld . Ihere was an 
in c rease  of O.49  cwt a t  the f i r s t  cu t and a decrease of -0 . l b  cwt 
a t  the second.
Potassium  c h lo rid e  s ig n if ic a n tly  increased  y ie ld s  a t  the f i r s t  
(2.18* cwt) and the  second (0.37* cwt) c u ts . There was a la rge  
negative  KS in te ra c t io n  of -0 .94 cwt which re su lte d  in  th e re  being 
an in c rease  of 3. 12* cwt of dry m atter in  the absence of s a l t  and 
only 1.24  cwt in  i t s  presence.
Composition of Dry M atter 
Sodium (A90)
There were very la rge  v a ria tio n s  in  the sodium conten t. The
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mean value f e l l  from . 290^  a t  the f i r s t  sampling to . 217^  a t  the second 
and . O'jy/o a t  the th ir d .  Considerable d iffe ren ces  occured from p lo t  
to p lo t  a t  each s ta g e , i . e .  . 750^  on an NS p lo t  and .075^ on a K 
p lo t  a t  the  f i r s t  sampling and much lower values ( . 215ft on an NP 
p lo t  and . 015/0 on an NPIi p lo t)  a t  the th ird .
S a l t  had a very s ig n if ic a n t  in fluence  on sodium uptake, the mean 
in c reases  being  .132** and .116**^ in  the A and B samples. The 
e f fe c t  was however much, reduced in  the th ird  sample being only 
.015^. In  the  f i r s t  two samples there were la rg e  p o s itiv e  NS and 
neg a tiv e  PS in te ra c t io n s .
Ammonium su lp h ate  exerted an even g re a te r  in flu en ce . The 
in c reases  were .268**/^ in  the A, .239**^' in  the B and only .035*^ in  
the C sam ples. There were la rg e  and s ig n if ic a n t  negative  NK 
in te ra c t io n s  and ammonium sulphate had much g re a te r  increm ental e f fe c ts  
in  the absence of potassium  ch lo rid e .
Superphosphate had l i t t l e  in fluence on sodium uptake a p a r t from 
the n eg a tiv e  PS in te ra c t io n .
SStPotassium  ch lo rid e  very markedly reduced the mean fo Na by .143 »
.091** and . 054**^ in  the f i r s t ,  second and th ird  samples. There 
were much reduced and n o n -s ig n ific a n t depressions on those p lo ts  
which d id  n o t rece iv e  ammonium su lphate .
Potassium  (A91)
The mean ft K f e l l  from 2. 23^  in  the f i r s t  sample to  1.55^ in  the 
second and rose  to  1 . 76^  in  the th ird . There were considerable 
v a ria tio n s  according to  the f e r t i l i z e r  treatm ent e .g . fo r  an
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NP p lo t  and 3-15$ fo r  an NPK p lo t  in  the A samples. These d iffe ren c es  
were p rim a rily  a sso c ia te d  v/ith the potassium  ch lo ride  a p p lic a tio n .
S a l t  d id  n o t have much o v e ra ll in fluence  on potassium  uptake.
There was a mean in c rease  of .12$ in  the A sample and a decrease 
of .08$ in  the C sample. There were appreciab le  negative  KS 
in te ra c t io n s  fh rou^ iou t which re su lted  in  s a l t  in c reas in g  the $  K in  
the absence of potassium  ch lo ride  but depressing i t  in  i t s  p resence.
Ammonium su lphate  increased  the $  K in  the A and B samples bu t 
reduced i t  in  the l a s t  c u t. The NK in te ra c tio n s  were p o s itiv e  and 
in  the A sample th e re  was an increase  of .71 % K when ammonium
su lp h ate  and potassium  ch lo rid e  were given to ge ther.
Superphosphate did  n o t in fluence the potassium  conten t.
Potassium  ch lo rid e  i t s e l f  g re a tly  increased the fo K by .56
3E Ka t  the f i r s t  sam pling, .33 a t  the second and .21  a t  the th ird .
The in c rease s  were much g re a te r  in  the absence of s a l t  (.79***
j|Q r V J f  t .
• 57 and .33 7° re sp e c tiv e ly )  and in  iiie presence of ammonium
su lphate  ( . 94**) . 42* and . 36**$).
Calcium (A92)
The mean calcium  contents were . 416* *325 and *4C5 re sp ec tiv e ly  
and f e r t i l i z e r s  in  genera l had sm all e f fe c ts .
S a l t  reduced the  $  Ca throughout, by about .016$ in  the A and 
B samples and by .043*$ in  the th ird . 'There were negative PS 
in te ra c t io n s  throughout.
Ammonium su lphate  increased  the uptake a t  the f i r s t  two samplings 
by .027 and . 048*$ but reduced i t  in  the th ird  by .044 $.
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Superphosphate i t s e l f  increased, the mean $  P by amounts ranging  
up to  . 026$. The presence of ammonium su lphate  caused la rg e r  
in c re a se s , indeed superphosphate in  the absence of n itro g en  had 
l i t t l e  e f f e c t .
Potassium  ch lo rid e  had only minor and i r r e g u la r  e f f e c ts .
GRASS EXPERIMENT 5. 1956.
S ite  Cochno. Dumbartonshire.
S o il Heavy loam. Well drained
Exchangeable Na 9*0 $
1$  C itr ic  Sol. P 13.0 mgs $  S a tis fa c to ry
1$ C itr ic  Sol. K 12.5 °/° S a tis fa c to ry .
Sward P eren n ia l ryeg rass, w ild white c lover. Smaller
amounts of cocksfoo t, timothy and red c lover. Reseeded in  1955*
F e r t i l i z e r  Treatments and Layout
The experiment was a 32 p lo t layout to in v e s tig a te
a l l  combinations of the follow ing treatm ents
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0 and 3 cwt Ammonium Sulphate (n)
(F urther 3 cwt dressings were given a f t e r  each cu t 
making a to ta l  of 12 cwt fo r  the y e a r . )
0 and 3 cwt Superphosphate (p)
0 and 2 cwt Potassium ch lo ride  (k)
0  and 4  cwt S a lt  ( s )
0 and 2 cwt Magnesium Sulphate
(Hydrated) (m)
The p lo ts  were arranged in  4 blocks of 8 with the SMP, SNK and 
1NPK in te ra c t io n s  confounded.
ihe f e r t i l i z e r s  were app lied  by hand in  damp weather on March 15th . 
Rain follow ed alm ost a t  once and there  were no i n i t i a l  adverse e ffe c ts  
on the c lo v e r due to  scorching . Top dressings of ammonium sulphate  
were ap p lied  imm ediately a f te r  each cu t, the dates of which were;
A 3rd June. Early hay s tag e .
B 16th Ju ly . S ilage s tag e . White clover in  f u l l
flow er.
C 18th August. S ilage s tag e .
D 24th September. Aftermath grazing .
Ihe re sp e c tiv e  mean y ie ld s  were 32*2, 12. 5» 14*0 and 6.1  cwt I r ­
re sp e c tiv e ly . Ammonium sulphate co n s is ten tly  increased y ie ld s  and
markedly depressed the co n tribu tion  of clover to the sward.
I t  i s  in tended to continue th is  experiment with the same 
treatm ents in  1958*
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Tables A95 ~ A110 p re sen t the e ffe c ts  of the  various f e r t i l i z e r s  
on y ie ld  and com position.
Dry M atter Y ields (A98, A99 & A100)
The i n i t i a l  growth was good and the f i r s t  cu t y ie ld ed  32.2  cwt 
of dry m a tte r . This was followed by a long s p e l l  of dry weather and 
the mean y ie ld  o f the second cut was 12.5 cwt. At. the th ird  and 
fo u rth  cu ts  the  y ie ld s  were 14*0 and 6.1  cwt re sp ec tiv e ly  under 
ra th e r  w e tte r  than average conditions.
S a l t  g e n e ra lly  depressed the y ie ld s  a t  each cut reaching  a to ta l  
of 1.86 cwt a t  the f i r s t  cut but only 0.1  to 0.2  cwt th e re a f te r .
Both g rass  and c lover were reduced equally . The SK in te ra c tio n s  were 
g en e ra lly  n eg a tiv e  and s a l t  reduced the y ie ld s  most in  the presence 
of potassium  c h lo rid e . In the th ird  and fo u rth  cuts s a l t  a c tu a lly  
increased  the y ie ld  of grass in  the absence of potassium .
Magnesium su lphate  had no reg u la r or re a l  e f fe c t  on y ie ld ;  there  
were sm all and i r r e g u la r  increments and reductions in  dry m atter 
y ie ld s . There was an iso la te d  s ig n if ic a n t negative MP in te ra c tio n  
of —*078* cwt fo r  the second cu t of c lover.
Ammonium su lp h ate  produced large  and s ig n if ic a n t  increases in  
to ta l  dry m atter y ie ld s  and c o n s is ten tly  reduced the fo D.M. 'Jhe 
la rg e  s tim u la tio n  of grass y ie ld s  re su lted  in  the normal reductions 
in  c lo v e r . In each case the to ta l  and grass y ie ld  increments were 
s ig n if ic a n t  (P = O.Ol) as were the clover reductions. Rather 
su rp r is in g ly , th e re  were no marked HK. in te ra c tio n s .
Superphosphate was in e ffe c tiv e  in  increasing  the y ie ld s  of e i th e r
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grass o r c lo v e r . Ihere  was an i n i t i a l  increase  of I .56 cwt in  the 
f i r s t  sample -  p r in c ip a l ly  from the g rass.
Potassium  ch lo rid e  had no ov era ll e f fe c t  on y ie ld  fo r  the f i r s t  
two cuts b u t caused sm all increases of 0.90  and 0 . 71s  cwts a t  the 
th ird  and fo u r th . Grass and clover both con tribu ted  to the in c rease . 
rIhere were however im portant negative KS in te ra c t io n s . In a l l  cuts 
except the second, potassium  chloride increased the grass and to ta l  
y ie ld s  most when no s a l t  was app lied . Glover behaved ra th e r  
d i f f e r e n t ly  in  th a t  fo r  the l a te r  cuts b e tte r  y ie ld s  were obtained 
from s a l t  and potassium  ch loride together.
Composition of the  Dry M atter
Sodium (A101 & A102)
In the g ra s s , the mean fo Na increased s te a d ily  throughout the 
year from .144 a t  the f i r s t  cut to .446 a t  the fo u rth . The le v e l 
in  the c lo v er was about .250/'? throughout. Very su b s ta n tia l 
v a r ia tio n s  were found in  both grass and clover according to  the 
f e r t i l i z e r  trea tm en t. The lowest content in  the grass was .045/'° 
on the K p lo t  a t  th e  f i r s t  cut and the h ig h est .990?? on the N and 
SNP p lo ts  in  the l a s t  cu t. The amount in  the clover varied  from 
. 125fo (K p lo t ,  1s t  cu t) to *455?° 0  ^ p lo t ,  4th cu t)
S a lt  in c reased  th e  Ha by la rge  ana h igh ly  s ig n if ic a n t amounts 
in  the o rder of .100/1 (P = *0l )  in  a l l  except the l a s t  cu t of grass 
when i t  was much sm aller a t  . 055/°* "^e sample of clover
the in c rease  was as much as .196 general, g rea te r increments
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were found when s a l t  was app lied  with o ther f e r t i l i z e r s  and the NS 
in te ra c t io n s  were p o s it iv e  and s ig n if ic a n t  fo r  both grass and c lover 
fo r  -the second and th ir d  c u ts . lhe no tab le  exception was with 
potassium  c h lo rid e . G reater increases in  sodium uptake were found 
in  the presence of potassium  ch loride  fo r  g ra ss , bu t in  i t s  absence 
in  the case of c lo v e r.
Magnesium su lp h a te  depressed the °/o Ha in  both g rass and clover 
th roughout. In the g rass the reduction became g re a te r  as the season 
p rogressed  and reached - . 068*$fc a t  the fo u rth  cu t. In the c lover 
the red u c tio n  in  the magnesium content was more ir r e g u la r  and varied  
between -.012  and - . 027%.
Ammonium su lphate  increased  the sodium uptake in  both gra.ss and 
c lover by s ig n if ic a n t  amounts a t  each cu t. In the g rass the 
increm ents became p ro g ressiv e ly  g re a te r  w ith each cu t and reached 
about .400% a t  the fo u r th . There were la rg e  p o s itiv e  NS in te ra c tio n s  
in ’ the second and th ird  samples, and v e iy s ig n if ic a n t negative  NK 
in te ra c t io n s  a t  a l l  except the f i r s t  c u t. Thus ammonium sulphate 
in creased  the /•- Na most in  the presence of s a l t  or in  the absence of 
potassium  c h lo rid e . There were a lso  p rogressive  increases in  the 
sodium le v e l of the  c lover and there  were marked p o s itiv e  NS 
in te ra c  tio n s .
Superphosphate had no re a l  e f fe c t  on the sodium content of e ith e r  
g rass o r c lo v e r . I t  reduced the sodium le v e l of the grass by about 
. 020/6 and tended to  increase  th a t in  the c lover veiy s l ig h t ly .
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Potassium  ch lo rid e  s u b s ta n tia lly  reduced the % Na in  both g rass  
and c lo v e r . Ihe depressions became g re a te r  as the season progressed 
and reached - .1 6 0  % in  the grass and - . 114**% in  the c lover and were 
h ig h ly  s ig n if ic a n t  a t  a l l  s tag e s . Por the g ra ss , the reduction  was 
g re a te r  in  the absence of s a l t  and magnesium and in  the presence of 
ammonium su lp h a te . In c lover, the SK in te ra c tio n s  were negative  and 
thus "the d ep ressive  e f fe c t  of potassium ch lo ride  was more marked in  
the presence of s a l t .
Potassium  (A103 & AIO4 )
Ihe potassium  conten t of the clover remained f a i r l y  steady a t  
a le v e l between 1.6  and 1 . 9% throughout. Ihe amount in  g rass rose  
from 1. 63$  a t  the  f i r s t  to 2. 43%' a t  the  th ird  cu t and then f e l l  to 
2.09%.
S a l t  had no r e a l  e f fe c t  on e ith e r  grass or c lover, in  each case 
the % K was a l te r e d  by le ss  than . 06%.
Magnesium su lphate  was a lso  w ithout in flu en ce . there  were 
i r r e g u la r  in c rease s  and decreases of under 0 . 1% in  both grass and 
c lo v er.
Ammonium su lp h ate  a f t e r  the f i r s t  cu t markedly reduced the 
potassium  uptake by . 15*% a t  the second r is in g  to .75**% a t  the 
th ird  and .71 **% a t  the fo u rth . In each case g re a te r  reductions 
were found on p lo ts  to  which no potassium ch lo ride  has been given. 
S im ilar r e s u l t s  were found fo r  the clover but the depressions were 
sm aller a t  about .20**%. I t  tended to  be a l i t t l e  g re a te r  where 
s a l t  was a lso  ap p lied .
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Superphosphate had no e f fe c t  on the % k in  e i th e r  g rass or 
c lo v er.
Potassium  ch lo rid e  i t s e l f  s u b s ta n tia lly  increased  the potassium  
c o n ten ts . The in c rease  rose s te a d ily  in  the g rass from . 24** to
3GE
• 53 %• S a l t  given in  a sso c ia tio n  with potassium  had no fu r th e r
e f f e c t  b u t the in c rease s  were s u b s ta n tia lly  g re a te r  on p lo ts  which
which had ammonium su lp h ate . 'hie increase  in  the c/o K of the c lover
vac arc; <
was more c o n s is te n t a t  between .44 and .55 % throughout the 
season and was n o t a ffe c te d  by the presence of o ther f e r t i l i z e r s .
Calcium (A105 & A106)
The calcium  con ten t of the grass increased from . 4 5 ^  a t  the  
f i r s t  c u t to  .738% a t  the fo u rth . The le v e l in  the c lover was more 
co n stan t a t  about 1.7  to 2. 0^  Ca.
S a l t  had no r e a l  o r co n sis ten t e f fe c t  on calcium uptake by 
e i th e r  g rass  or c lo v e r . fhere were large  p o s itiv e  SP in te ra c tio n s  
fo r  the g rass  a t  the second and fo u rth  cu ts .
Magnesium su lphate  was almost w ithout e f fe c t  on the c lover, the 
tendency being to  reduce the le v e l . I t  gen era lly  depressed the 
uptake by the g rass  by amounts which reached s ig n ifican ce  a t  .066 *% 
a t  the second c u t.
Ammonium su lphate  increased the % Ca in  grass in  a l l  except the 
th ird  c u t. These were s ig n if ic a n t fo r  the f i r s t  (+.035 %) 
fo u rth  (+.082**%) cu ts and were g re a te r  in  the absence of s a l t  or 
magnesium su lp h a te . Ammonium sulphate did not a f fe c t  the calcium 
content of the c lo v er.
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Superphosphate had no general in fluence on the uptakes by e i th e r  
g rass o r c lo v e r .
Potassium  ch lo rid e  a lso  had l i t t l e  o v e ra ll e f fe c t  bu t there  
were s ig n i f ic a n t  reductions fo r  the f i r s t  cu t of grass of . 04-9* and
3E
.047 when s a l t  and ammonium sulphate were a lso  given.
Magnesium (A107 & A108)
The mean amount of magnesium in  the clover remained a t  about 
. 225^  throughout the year bu t th a t in  the clover increased s te a d ily  
from .090 to  .180>o.
S a l t  g e n e ra lly  depressed the fo.Mg in  both grass and c lover. 
S ig n if ic a n t (P = .05) reductions of about .012^ were found in  the 
second c u t of c lo v er and the fourth  cu t of grass but otherwise the 
e f fe c ts  were sm all. There were severa l s ig n if ic a n t p o s itiv e  KS 
in te ra c t io n s  and s a l t  reduced the magnesium le v e l most in  the 
absence o f potassium  ch lo rid e .
Magnesium su lp h a te  i t s e l f  had remarkably l i t t l e  in fluence, 
indeed i t  g e n e ra lly  reduced the °/o 1kg in  grass by about .005^* I t  
d id in c re ase  the le v e ls  s ig n if ic a n tly  in  the f i r s t  and l a s t  cuts 
of c lo v e r (.017** and .005*$ re sp e c tiv e ly ) . In clover too, the 
in c reases  tended to  be g re a te r  i f  potassium chloride was a lso  
app lied  and i f  ammonium sulphate was om itted.
Ammonium su lphate  increased the magnesium uptake of both grass 
and c lo v e r s ig n if ic a n t ly .  In the grass i t  reached .043 i° the
MiKpf
l a s t  cu t and there  was one exceptional reduction of .021 /<? fo r  the
f i r s t  c u t of c lo v er.
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Superphosphate had n e g lig ib le  e f fe c ts . I t  tended to  reduce the 
$  Mg in  both g rass  and clover by about .002 to .005$.
lo ta ss iu m  ch lo rid e  s ig n if ic a n tly  reduced the lev e ls  in  both 
g rass and c lo v er a t  a l l  stages by amounts ranging up to .024**$. I t  
had an even g re a te r  in fluence  in  the absence of s a l t .
Phosphorus (A109 & A lio )
The °/o P in  both g rass and clover rose s te a d ily  as the season
progressed  from about .170 to .230 in  each case.
S a l t  g e n e ra lly  increased  the concentration in  the grass by about 
.010$ b u t i t  reduced the uptake s ig n if ic a n tly  in  the f i r s t  (-.020**V)
and th i r d  ( - . 025*$) cu ts of c lover.
Magnesium su lp h a te  tended to depress the $ P in  grass but by 
le ss  than .010$ and had s im ila r e ffe c ts  in  clover ap a rt from a 
red u c tio n  o f .021*$ in  the th ird  cu t.
Ammonium su lp h ate  had very s ig n if ic a n t  e ffe c ts  in  lowering the 
$  P in  g rass  a t  the th ird  (-.071**) and fourth  (-.051**) cu ts . I t s  
in flu en ce  on c lover was q u ite  small a f te r  a decrease of .018**$ fo r  
the f i r s t  c u t.
Superphosphate i t s e l f  had qu ite  small e f fe c ts .  I t  co n s is te n tly  
increased  the le v e ls  in  grass and clover by about .010$ bu t only 
reached s ig n if ic a n c e  in  the f i r s t  c lover sample. Hie la rg e s t 
in c reases  in  g rass  were on p lo ts  receiv ing  both superphosphate and 
s a l t .
Potassium  ch lo rid e  was without e f ie c t  on the phosphorus content of 
the g rass  b u t g e n e ra lly  enhanced th a t of the clover p a r t ic u la r ly  in  the
MX - *l a s t  cu t when the in crease  reached .035 d*
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GRASS EkPERIMMT 4 . 1957.
.Site. Eagle sham. Renfrewshire.
S o il Poor, heavy loam, badly d rained .
Ashgrove S e rie s .
Exchangeable Na 10.0 mgs $
lfo C itr ic  Sol. P 7.5  mgs $  Low
lfo C itr ic  Sol. IC 9.0  mgs $  Low
pH 5.7
Sward P e ren n ia l ryegrass, no c lover.
Sown in  1954*
F e r t i l i z e r  Treatments and Layout
Hie treatm ents were as fo r  Experiment 3> namely
0 and 3 cwt Ammonium Sulphate (n )
(Repeated a f te r  each cu t)
0 and 3 cwt Superphosphate (P)
0 and 2 cwt Potassium Chloride (k)
0  and 4 cwt S a lt  ( s )
0 and 2 cwt Magnesium Sulphate
(Hydrated) (M)
c
Hie p lo ts  were la id  out in  a 2 f a c to r ia l  design of 4 blocks of 
8 p lo ts  w ith the SMP, SHE and MNPK in te ra c tio n s  confounded.
The f e r t i l i z e r s  were app lied  on March 18th and cuts were taken 
as fo llow s ?
A May 30th. Early hay stage.
B July 20th. S ilage stage .
C August 25th. Aftermath grazing.
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Hie mean dry m atte r y ie ld s  were 12.1, 10.2 and 8.7 cwts 
re s p e c tiv e ly . Growth was very slow throughout the year and th e re  
were s u b s ta n t ia l  increm ents from ammonium su lp h a te . Hiose p lo ts  
w ithout n itro g e n  gave excep tionally  low y ie ld s .
Tables A111-A118 summarise the e ffe c ts  of the f e r t i l i z e r s  on 
y ie ld  and com position.
Y ields o f Dry M atter (A113)
The mean dry m a tte r y ie ld s  were 12.11, 10.23 and 8.68 cwts fo r  
the th ree  c u ts .  Hiere were veiy su b s ta n tia l increments from 
ammonium su lp h a te  a t  a l l  stages and sm aller ones from potassium 
c h lo r id e .
S a l t  d id  n o t in fluence  the y ie ld  of the f i r s t  cu t, bu t increased  
i t  s ig n if ic a n t ly  by 1 . 24* cwts a t  the second and by O.38 cwts a t  
the th i r d .  Hiere were c lea r  negative ICS in te ra c tio n s  throughout 
and th ese  reached s ig n ific an ce  a t  the 1$ le v e l fo r  the second 
(2.66** cwts) and th ird  (1.10** cwts) when the s o i l  was becoming 
p ro g re ss iv e ly  more d e f ic ie n t in  re a d ily  so luble potassium. S a lt  did 
n o t in c re ase  y ie ld s  when potassium ch loride was given.
Magnesium su lphate  had very l i t t l e  e f fe c t  on the f i r s t  two c u ts , 
bu t ra is e d  the y ie ld  by 0 . 52* cwts a t  the th ird .
Ammonium sulpha,te produced large and s ig n if ic a n t dry m atter 
increm ents. Y ields with n itrogen  were generally  th ree times g re a te r  
than those w ithou t. A fter the f i r s t  cu t, ammonium sulphate did 
n o t e x e r t i t s  f u l l  in fluence  unless potassium chloride was a lso  
given and the UK in te ra c tio n s  were s ig n if ic a n tly  p o s itiv e .
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Superphosphate had very small e ffe c ts  considering  the low le v e l
of r e a d i ly  so lu b le  phosphorus in  the so il*
Potassium  ch lo rid e  co n sis te n tly  enhanced y ie ld s  by amounts 
in c re a s in g  from 1 .0  cwts a t  the f i r s t  cu t to 3.28s* cwts a t  the 
th i r d .  Much g re a te r  increments were recorded on p lo ts  which d id  n o t 
have s a l t  and both the negative KS and p o s itiv e  1TK in te ra c tio n s  were 
s ig n i f ic a n t .
Composition of the Dry M atter 
Sodium (AII4 )
The mean $11 a rose  from .181 a t  the f i r s t  to .182 a t  the second 
and to  .252 a t  th e  th ird  cu t. Hiere were large and veiy marked 
v a r ia tio n s  between trea tm en ts, e .g . In the f i r s t  cu t the range 
was from .040$ (K p lo t)  to .387$ (N3 p lo t) .  At the th ird  cu t the 
corresponding amounts were .035 s-nd . 725$*
S a lt  in c reased  the $  33a more a t  the f i r s t  cu t (.083**$) than 
subsequently . The increases were genera lly  g re a te r  in  the presence 
of magnesium sulpha.te and ammonium sulphate and in  the absence of 
potassium  c h lo rid e .
Magnesium su lphate  did no t a f fe c t  sodium uptake a t  any s tag e . 
Ammonium su lp h ate  produced large and s ig n if ic a n t increm ents, 
. 146**$ a t  the f i r s t ,  . 257**$ second and . 35^**$ n t "the th ird .
There were la rg e  and s ig n if ic a n t negative 33i£ in te rac tio n s  and thus 
ammonium su lp h ate  increased  the $ ha much more in  the absence of 
potassium  ch lo rid e , -  by as much as .531 $  a t  ihe th ird  cu t, but
by only .173**$ in  the presence of potassium ch lo ride .
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Superphosphate had l i t t l e  influence on sodium uptake, in c reases  
of between *015 anH *035$ being found. I t  had ra th e r  la rg e r  e f fe c ts  
in  th e  absence oi s a l t  or in  the presence of ammonium su lp h ate .
Potassium  ch lo rid e  depressed the $  ITa by la rge  and s ig n if ic a n t  
amounts a t  a l l  s ta g e s . Hie reductions were in  -the same order as 
the in c re a se s  due to  ammonium sulphate and much g re a te r  than those 
due to  s a l t  i t s e l f .  I t  generally  reduced the lev e ls  most when s a l t  
was a lso  given and by g re a tly  increased amounts in  the presence of 
ammonium su lp h a te .
Potassium  (A II5 )
The s o i l  was n o t w ell supplied with re a d ily  so lub le  potassium 
and the  arnount in  the g rass was about 1 . 05$ a t  each of the th ree  
c u ts . Hie range was from 0.60  to 1. 40$ K depending on whether or 
n o t potassium  ch lo rid e  was given.
S a l t  d id  n o t a f f e c t  the f i r s t  cu t but increased the mean $  K 
by .03  and .06 a t  the second and th ird . ihese amounts were w ell 
below the le v e l  foT s ig n ific a n ce , but an increase of 0.20  $ was
found a t  th e  th i r d  cu t fo r  p lo ts  w ithout potassium ch lo ride , the 
SK in te ra c t io n  being  -0 .14 $•
Magnesium su lphate  had l i t t l e  e f fe c t .
MMAmmonium su lphate  depressed the $  K by .09 $  in  the f i r s t  cu t
but th e re a f te r  had no o v e ra ll e f fe c t .  Hiere were however su b s ta n tia l 
and s ig n if ic a n t  HE in te ra c tio n s  which re su lted  in  ammonium
sulphate  having la rg e  depressive e ffe c ts  in  the absence of potassium 
ch lo rid e , b u t in  inc reasin g  the $  K when given together.
- 155 -
Superphosphate tended to reduce the uptake of potassium . 
Potassium  ch lo rid e  i t s e l f  increased the <fo K a t  a l l  th ree  cuts
3G£, '
by about .40  %  There were g rea te r increases in  the absence of 
s a l t  and in  the  presence of ammonium su lphate.
Calcium (A116)
Tie mean fo Ca ro se  from .561 a t  the f i r s t  to .458 a t  the second 
and to  .620 a t  the  th ird  cu t. F e r t i l iz e r  e ffe c ts  were q u ite  sm all.
S a l t  depressed the uptake by .057**^ a t  the f i r s t  cu t and by 
. 052^  a t  the second.
Magnesium su lp h ate  had no in fluence.
Ammonium su lp h ate  markedly increased the uptake of calcium by
t
• 0 8 8 '} /c! a t  the  second cu t but otherwise had no marked e f fe c t .
Superphosphate increased the fo Ca by .01 to  .02fo a t  each cu t. 
Potassium  ch lo rid e  a lso  had no re a l  or co n sis ten t e f fe c t .
Magnesium (A II7)
The amounts of magnesium in each of the th ree  cuts were ra th e r  
low being . 091, .119 and . 155^  re sp ec tiv e ly . Ihere was considerable 
v a r ia tio n  from p lo t  to  p lo t e .g , . 0 6 2 in the SK p lo t a t  the f i r s t  
cu t and . 256^ 0 on the MN p lo t  a t  the th ird .
S a l t  c o n s is te n tly  depressed the magnesium le v e ls . the th ird
cut i t  had reached - . 026*^ and was much g rea te r on p lo ts  to which 
potassium  ch lo rid e  was app lied . The la rg e s t reduction (-.042 /o) was
in  the th ir d  cu t fo r  ammonium sulphate tre a ted  p lo ts .
Magnesium sulpha te  i t s e l f  enhanced the uptake s ig n if ic a n tly  by 
s te a d ily  in c re as in g  amounts with each cu t, .015 rj .014 /°
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a t  the second and .025^/5 a t  the th ird . There were la rg e r  in c reases 
on potassium  ch lo rid e  tre a te d  p lo ts .
Ammonium su lp h ate  s ig n if ic a n tly  increased the magnesium uptakes 
a t  the second and th ird  cuts by .038** and . 048**70 re sp ec tiv e ly . Tie 
in c rease s  were considerab ly  g rea te r in  the absence of s a l t ,  potassium  
ch lo rid e  and superphosphate.
Superphosphate tended to depress the % Mg by amounts ranging up 
to . 007^ .
Potassium  ch lo rid e  co n sis ten tly  reduced the magnesium uptake by 
amounts which in c reased  to  . 030*% a t  the th ird  cu t. Tie reduction  
was much g re a te r  in  the presence of s a l t ,  ammonium sulphate and 
superphosphate.
Phosphorus (A118)
The phosphorus content of grass varied very l i t t l e  from one cut 
to  an o th er around a le v e l of about . 165%.
S a l t  s l ig h t ly  increased the % P but by le ss  than .010.
Magnesium su lphate  was without e f fe c t .
Ammonium su lphate  a lso  had l i t t l e  in fluence.
Superphosphate i t s e l f  enhanced the phosphorus lev e ls  c o n sis ten tly
3E36
by . 013*$ a t  the  f i r s t  cu t, by . 026**% a t  the second and by .019 %
a t  the  th i r d .
Potassium  ch lo rid e  had no general o v e ra ll e f fe c t .
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GRASS Sjur'SRIMJIHTS SUMMARY
Dry M atter Y ields (Table 26. )
S a l t  has in c reased  the y ie ld  of grass in  Experiments 2 and 4 .
These swards contained  no clover and both gave s ig n if ic a n t increases 
in  y ie ld  from potassium  ch lo ride . In Experiment 1 the c lover was 
sev e re ly  scorched by the s a l t  and 'the y ie ld  su ffered  in  consequence. 
T iere were only sm all increments in the weight of g ra ss . In Experiment 
3 where th e re  was no response to potassium ch loride u n t i l  the th ird  
and fo u r th  c u ts , s a l t  tended to reduce the y ie ld s  of both grass and 
c lo v er s l ig h t ly .  The KS in te ra c tio n s  were g en era lly  negative 
in d ic a tin g  th a t  s a l t  i s  of g rea te r b e n e fit in  the absence of potassium 
ch lo rid e .
A m m onium  s u l p h a t e  c o n s i s t e n t l y  i n c r e a s e d  y i e l d s  b y  l a r g e  a m o u n t s .  
T ie  e f f e c t  w a s  a  n e t  o n e  a s  c l o v e r  w as c o n s i s t e n t l y  d e p r e s s e d  a n d  t h e  
g r a s s  i n c r e a s e d .  I n  t h e  f i r s t  tw o  e x p e r im e n t s  w h e r e  t h e r e  w as o n l y  
o n e  a p p l i c a t i o n  o f  am m onium  s u l p h a t e  t h e r e  w as l i t t l e  r e s i d u a l  
e f f e c t  o n  t o t a l  y i e l d  a f t e r  t h e  f i r s t  c u t .  T h e r e  w e r e  f r e q u e n t  
p o s i t i v e  ImK i n t e r a c t i o n s ,  amm onium s u l p h a t e  t h u s  b e i n g  o f  g r e a t e r  v a l u e  
w hen  g i v e n  i n  a s s o c i a t i o n  w i t h  p o t a s s iu m  c h l o r i d e .
S u p e r p h o s p h a t e  h a d  l i t t l e  i n f l u e n c e  on  y i e l d  a l t h o u g h  t h e  s o i l s  
w e r e  g e n e r a l l y  lo w  i n  r e a d i l y  s o l u b l e  p h o s p h o r u s .
Potassium  ch lo ride  had s ig n if ic a n t increm ental e ffe c ts  in 
Experiments 2 and 4 which were the s o ils  le a s t  well supplied witti 
re a d ily  so lu b le  potassium . I t  markedly depressed the c lover in  
Experiment 1 due to le a f  scorch a t  the time of a p p lic a ti
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Table 26* Grass Experiments Y ields of Dry Matter (cw ts)
D if f e r e n t ia l  Responses C o n sis ten t In te ra c tio n s
EXPER3MMT
Mean Y ie ld Sodium Magnesium N itrogen Phosphorus Potassium K S N K
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In Experiment 3 only a f t e r  repeated  cu ts fcHowing s tim u la tio n  with 
ammonium su lp h ate  d id potassium  ch lo rid e  s ig n if ic a n t ly  in c rease  y ie ld .
Magnesium su lphate  had l i t t l e  e f fe c t  in  the two experiments in  
which i t  was used . I t  d id  seem to be of some sm all b e n e f it  in  
Experiment 4*
Composition o f the Dry M atter 
Sodium
Table 27 summarises the main e f fe c ts  and p r in c ip a l in te ra c tio n s  
of the  f e r t i l i z e r s  on the sodium up takes.
S a l t  had la rg e  and very s ig n if ic a n t  increm ental e f fe c ts  on the 
fo Ha of both g rass  and clover in  each experim ent. Frequently  the 
in c reases  were more than 5&f° of the mean sodium le v e l. In the f i r s t  
two experiments w ith only a s in g le  ammonium su lphate  a p p lic a tio n , 
the mean fo Ha and the  in c reases from s a l t  f e l l  o ff  ra p id ly  a f te r  
the  f i r s t  sampling. In the rem aining two with repeated  n itrogen  
d re ss in g s , the sodium le v e l s te a d ily  increased  and the increments 
from s a l t  were more i r r e g u la r .
Ammonium su lphate  c o n s is te n tly  increa.sed the fo  Ha. In the 
f i r s t  experiment the in c rease  was found in  g rass only and a t  the 
f i r s t  two sam plings, i . e .  w h ils t i t s  y ie ld  promoting e f f e c t  la s te d . 
Qhere was no in c rease  in  die c lover which was reduced in  y ie ld . 
Experiment 2 on a sward devoid of c lover showed a s im ila r  trend .
TV) Experiment 3 the% Na in  g rass increased  due to  ammonium su lphate  
a t  each sampling. There was a lso  an in crease  in  sodium in  -the c lover 
although there  was a reduction  in  c lover y ie ld . rJhis could perhaps 
be explained on the b a s is  th a t  although the c lover y ie ld  was reduced?
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in d iv id u a l su rv iv ing  p la n ts  grew to a g re a te r  s iz e .
Superphosphate had l i t t l e  e f fe c t  on sodium uptake, there  being 
a  sm all tendency to  reduce the le v e l in  th ree  of the experim ents.
Potassium  ch lo rid e  c o n s is te n tly  and very s ig n if ic a n t ly  depressed 
the fo Ha in  both g rass and c lo v er. Reductions in  the o rder of .100 
to  . 200fo were q u ite  freq u en t.
Magnesium su lphate  a lso  reduced sodium uptake in  one of the two 
experim ents in  which i t  was used.
Potassium
The e ffe c ts  of f e r t i l i z e r s  on the potassium  uptake of g rass and 
c lo v er a re  shown in  Table 28. S a lt had no c o n sis ten t e f fe c t  on 
potassium  up take. W ithin each experiment th e re  were both sm all 
r i s e s  and f a l l s  in  % K. With the exception of the c lover in  
Experiment 1, no e f f e c t  was g re a te r  than + 0 . lj'y .
Ammonium su lphate  had v a riab le  e f fe c ts ,  p rim arily  concerned with 
the time of sampling. I t  g en era lly  increased  the fo K in  the ea r ly  
s tag es  and subsequently  reduced i t  -  p rim arily  because of the ex tra  
d ra in  on s o i l  potassium  caused by the in crease  in  y ie ld .
Superphosphate stim ula ted  potassium  uptake in  Experiment 1, but 
had e i th e r  no in fluence  or a s l i $ i t  depressive one in  the o ther th ree .
Potassium  ch lo ride  i t s e l f  increased the f  K in  both grass and 
c lo v er a t  each cu t in  a l l  experiments by between 0.25 anR 0.55 
Most of the increm ents were q u ite  c o n s is te n t a t  about 0.45 to 
0 . 55**^'. There were re g u la r  in te ra c tio n s  involving potassium .
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Table 28. Grass Experiments Dry Matter Composition °/° K.
D if f e r e n t ia l  Responses C o n sis ten t In te ra c tio n s
Sodium Magnesium PotassiumPhosphorus
Grass C lover Grass C lover Grass Clover Grass Clover Grass Clover Grass Clover Grass Clover Grass CloverGrass Clover
3.36 3 .12  .13
2.25 2.85 *H
1.87  1*90 - .1 1








- . 0 1
.02
02
1.63  1 .85 I .01 
1.96  1.65  I .02  
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Ihe KS in te ra c t io n s  were negative  and freq u e n tly  s ig n if ic a n t .  
Potassium  ch lo rid e  thus has a g re a te r  e f fe c t  in  the absence of s a l t  
and v ice  v e rsa . ' '3Jie NK in te ra c t io n s  were q u ite  la rg e  and p o s it iv e  
and th e re  were sm alle r PK in te ra c t io n s .
Magnesium su lphate  d id  n o t in fluence  potassium  uptake.
Calcium
Table 29 summarises the data  on the calcium conten ts of g rass 
and c lo v er.







D iffe re n tia l  Responses
S a lt
A .634 2.03 - . 0®
B .510 1.82 -.007
C .487 1.85 .000
D .567 2.19 .007
A .416 _ -.016
B .325 - -.017
C .405 - - .0 ®
A .450 2.03 -.005
B .628 1.70 .041
C .687 1.85 -.001
D .738 1.83 -.038
A .361 _ - . o n
B .458 - - . 05?
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.023 -.0 2 L.C25 - .  06
.003 -.01 I-.018 .00
► 013 .01 -.027 .06
.004 .06 -.010 -.0 3
,026 _ -.002 _
022 - .005 -
017 - -.026 -
006 -.02 -.022 .01
020 .00 .033 .01
016 .04 -.038 -.06
006 -.05 .003 -.07
013 _ -.010 —
O il - .007 -
023 - -.012 -
There were no co n sis ten t in te ra c tio n s .
-  164 -
S a lt  g en e ra lly  reduced the Z Ca in  both g rass  and c lo v er by 
amounts ranging up to about . 040fL
Ammonium su lp h ate  had no re g u la r  in flu en c e . 'lhere were both 
in c rease s  and decreases w ith in  each experim ent.
Superphosphate a lso  had l i t t l e  e f f e c t .
Potassium  ch lo rid e  reduced calcium  uptake, bu t by amounts which 
d id  n o t reach s ig n if ic a n c e .
Magnesium su lphate  appeared to  depress the fo Ca in  Experiment 3 
b u t to  have l i t t l e  e f fe c t  on the clover,
Magnesium
A summary of the r e s u l ts  fo r  magnesium is  given in  Table 30.
'Ihe °/o Ivlg in  the g rass  increased  as the season progressed but f e l l  
s l ig h t ly  in  the c lo v er.
S a lt  c o n s is te n tly  depressed magnesium uptake. In the g rass  i t  
reached s ig n ific a n ce  in  a l l  experiments a t  the th ird  or fourth, sampling 
by amounts in  the order of -.015  to - . 020/Z
Ammonium su lphate  in v a riab ly  increased  the fl Mg in  both grass 
and c lo v er. lh e re  were s ig n if ic a n t  increases in  the order of .020 
to .040$ in  a l l  experim ents. In Experiments 1 and 2 there  were 
in c reases  only in  the ea r ly  samples where ammonium su lphate  increased  
the y ie ld .o f  g ra ss .
Superphosphate norm ally reduced the magnesium uptake by about 
. 005$.
Potassium  ch lo ride  a lso  reduced the % Mg in  a s im ila r  manner to 
s a l t ,  the amounts being about .020$ lower. G enerally the e f fe c t  was
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Table 30* Grass Experiments.. Dry Matter Composition fo Mg.
D if f e r e n t ia l  Responses. C o n sis ten t in te r a c t io n s .
Mean °i° Sodium Magnesium N i  troeen Phosphorus Potassium K S U K P K j
EKPERDMT
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most pronounced in  the l a t e r  c u ts . There were marked and re g u la r  
KS in te ra c t io n s  which were u su a lly  p o s i t iv e , in d ic a tin g  th a t  the 
dep ress iv e  in flu en ces  of s a l t  and potassium  c h lo rid e  a re  a d d it iv e . 
There were a lso  freq u en t s ig n if ic a n t  neg ativ e  UK in te ra c t io n s  and 
sm alle r PK ones.
Magnesium su lp h a te  i t s e l f  markedly increased  the $  J% in  
Experiment 4 b u t only increased  the  le v e l in  the  c lo v er of Experiment 
3*
Phosphorus
The r e s u l t s  fo r  phosphorus a re  summarised in  Table 31.
S a l t  had l i t t l e  e f f e c t  on phosphorus up take. I t  tended to  
in c re a se  the %- P in  the g rass by under .010fo and to  reduce i t  in  
the c lo v e r .
Ammonium su lp h a te  had ir r e g u la r  e f f e c ts .  There were s ig n if ic a n t  
increm ents and red u c tio n s  from one experiment to an o ther. Phosphorus 
le v e ls  f e l l  very s ig n if ic a n t ly  in  Experiments 1 and 3 a t  the th ird  
and fo u r th  sam plings.
Superphosphate norm ally increased  phosphorus uptake in  both 
g ra ss  and c lo v er by amounts in  the order of .020f> P.
Potassium  ch lo rid e  showed no co n sis ten t tre n d .
Magnesium su lphate  reduced phosphorus uptake s l ig h t ly  in  the 
two experim ents in  which i t  was used.
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D I S C U S S I O N
CROP YIELDS
(a ) Comparative E ffe c ts  of Sodium and. Potassium  C hlorides.
I t  has n o t been p o ss ib le  to  f in d  s o i ls  which were markedly 
d e f ic ie n t  in  re a d ily  so lu b le  potassium  in  the v ic in i ty  of Glasgow fo r  
th ese  experim ents. Kale i s  norm ally grown c lo se  to the farm stead 
to  f a c i l i t a t e  w in ter feed ing  and such f ie ld s  a re  norm ally more 
f e r t i l e  than  the rem ainder of the farm. N ev erth e le ss , in  s p i te  of 
th is  l im ita t io n ,  responses to s a l t  have been found in  k a le , tu rn ips 
and grass  under normal s o i l  co n d itio n s . Table 32 summarises the 
responses obtained  from sodium and potassium  ch lo rid es  in  each case .
Five of the s ix  hale  experiments and th ree  of the fo u r w ith 
tu rn ip s  have given p o s it iv e  responses to s a l t  even although only one 
in  each group responded s ig n if ic a n tly  to  potassium  ch lo rid e . In 
fo u r  o f the ha,le experiments the responses to  sal t  were some 100^ 
g re a te r  than those from potassium  ch lo ride  and in  two of the tu rn ip  
t r i a l s  s a l t  was o u ts tan d in g ly  b e t te r  -than potassium  c h lo rid e .
In the g rass experim ents, s a l t  d id n o t in crease  y ie ld s  as much 
as d id  potassium  ch lo rid e  and there  was severe scorch damage to the 
c lo v er in  one case . N evertheless, in  the two experiments which 
responded w ell to pota.ssium there  were signs of sm aller re tu rn s  from 
s a l t .  I t  w il l  be of in te r e s t  to follow  the y ie ld s  o f herbage 
in  Experiments 3 and 4 during th e ir  con tinuation  under the same 
treatm ents as potassium  defic iency  p ro g ressiv e ly  a f fe c ts  growth.
Table 32. Responses to Sodium and Potassium  C hlorides.
EXPERIMENT





































3A j -1 .86 
3B j -0 .16  
3C \ -O .27 
3D j -0 .13
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S ta tu s
Low j
Low j
S a tis fa c to ry  j 
Low \
Low j
S a tis fa c to ry  \
i1
S a tis fa c to ry  
Low
S a tis fa c to ry  
Low
S a tis fa c to ry  
S a tis fa c to ry
Low
Low
S a tis fa c to ry
Low
The g en era l s im ila r i ty  between sodium and potassium  f o r  these  
th re e  crops i s  fu r th e r  shown by the c o n s is te n t negative  KS 
in te r a c t io n s .  These were found in  fo u r of the s ix  kale experim ents, 
a l l  fo u r of those w ith tu rn ips and in  th ir te e n  of the f i f t e e n  grass 
c u ts . In each case they were q u ite  la rge  in  re la t io n  to the s a l t  
and potassium  ch lo rid e  responses. In the f i r s t  two kale experiments
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they were of such s iz e  th a t s a l t  reduced y ie ld s  in  the presence of 
potassium  c h lo rid e .
These experim ents th e re fo re  show th a t  s a l t  has some value as a 
f e r t i l i z e r  f o r  the th ree  crops in v e s tig a te d  even although the s o i ls  
were n o t a c u te ly  d e f ic ie n t  in  re a d ily  so lu b le  potassium . In alm ost 
every case the  s a l t  was much more e f fe c t iv e  in  the absence .of 
potassium  ch lo rid e  and th e re  is  thus reason f o r  supposing th a t 
co n siderab ly  g re a te r  responses may be obtained when the s o i l  i s  very 
d e f ic ie n t  in  potassium .
(b) S a l t  and Superphosphate
'fable 33 summarises the responses from s a l t  and superphosphate 
on kale  and tu rn ip s . There were no responses to  superphosphate in  
the g rass  experim ents.
Although the experiments were g en era lly  s i te d  on s o i ls  -where 
th e re  were s ig n if ic a n t  responses to superphosphate, there  was no 
pronounced tren d  to show negative  PS in te ra c t io n s  such as would be 
expected i f  s a l t  enabled the p la n t to  make b e t te r  use of s o i l  
phosphorus.
The PS in te ra c t io n s  fo r  kale were q u ite  sm all and only in  
Experiment 1 where i t  reached -1*37 tons does i t  seem im portan t. 
N egative in te ra c t io n s  were found in  th ree of the  four tu rn ip  
experim ents, the  rem aining one being +1.65 tons. Experiment 4
3ESw ith a n eg a tiv e  PS in te ra c tio n  of -2 .61  tons and a la rg e  response 
to  superphosphate d id enable the e f fe c ts  of s a l t  in  the absence of
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superphosphate to be se ;n  c l e a r l y  in  the f i e l d .  S qually , the response 
h e re  to  superphosphate was increased  g re a tly  in  the absence of s a l t  
(+7. 63** tons compared w ith i t s  e f fe c t  in  a sso c ia tio n  w ith s a l t  of 
+2. 4I** to n s ) .
Table 33* Responses to  S a l t  and Superphosphate ( to n s ) .
EXPERIMENT
KALE










































S ta tu s
D e fic ien t 
Low
S a tis fa c to ry
D e fic ien t
D e fic ien t
Low
S a tis fa c to ry
D e fic ien t
Low
D efic ien t
Examinations were made of the s o i l s  from the in d iv id u a l p lo ts  of 
th is  experim ent a t  the end of the season. E x trac tio n  of phosphorus 
by both  c i t r i c  and a c e tic  acids d id  n o t re v e a l any g re a te r  con ten t 
o f a v a ila b le  phosphorus on the p lo ts  w ith s a l t .
TO ere i s  thus no c o n s is te n t trend  to  show th a t  s a l t  enables 
the p la n t  to  make b e t te r  use of phosphate, although two in d iv id u a l 
experim ents d id  show la rg e  negative  PS in te ra c t io n s .
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EFFECTS m  PMUT CQl-OSITICr 
(a ) SODIUM
The sodium conten t of the th ree  crops in v e s tig a te d  has been the
t
most v a r ia b le  o f the m ineral constituents. S a l t ,  ammonium su lp h ate  
and f re q u e n tly  superphosphate have enhanced the uptake w h ils t 
potassium  ch lo rid e  has s e r io u s ly  depressed i t .  A ll p a r ts  of the 
p la n t  a re  a f fe c te d  in  the same manner and very wide d iffe ren c es  in  
the sodium le v e l  may be found in  the one experiment r e s u l t in g  from 
the d i f f e r e n t  trea tm en ts .
Table 34* Extreme Sodium Contents of Ind iv id u a l P lo ts .
Na. fo
EXPERBffltfT 1 2 3 4 5 6
KALE Leaf Min. .110 .090 .030 .095 .O65 .040Max. un 
CD 
CO • ' .950 . 8 2 5 I .270 1.070 .405
Stem Min. .115 .110 .025 .110 .105 .025Max. .820 .875 .800 1.520 .850 .205
THRUIPSm Min. .077 .055 .095 .200 _ _Tops Max. • 315 .265 .462 .700 -
Roots Min. .030 .332 .045 .050 -Max. . 2 0 0 .900 .255 .280 —
HERBAGE.,Grass
•
Min. . 0 2 2 .015 .045 .035






- of a l l cuts.
These v a r ia tio n s  (Table 34) a re  very large  when considered in  
r e la t io n  to the changes in  composition such as may occur with o ther
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elem ents. Even under excep tiona l co n d itio n s  of d e fic ien c y  and 
adequacy i t  i s  ra re  to  f in d  the y  K, Ca, Mg, P and o th er elem ents 
in  p la n ts  varying by more than a f e to r  of 3 or 4 and u su a lly  by 
very much le s s .  The sodium minima and maxima, vary between a f a c to r  
o f 8 and J>0 f o r  k a le , between 20 and 60 fo r  g ra s s , 3 and 16 fo r  
c lo v e r and 3 and 17 fo r  tu rn ip s . The h igher values f o r  the  f i r s t  two 
a re  a sso c ia te d  w ith the e f fe c ts  which n itro g en  have on sodium upta.ke 
fo r  responsive  crops compared with i t s  sm all in flu en ce  on tu rn ip s  
and c lo v e r .
S a l t  and potassium  ch lo rid e  have d i r e c t ly  opposite  e f fe c ts  on 
sodium uptake fo r  a l l  th ree  crops. Reference to  Tables 15, 21 and 
27 show th a t  in  every experiment the p o s itiv e  in flu en ce  of s a l t  
and the n eg a tiv e  e f f e c t  of potassium  ch lo rid e  on the y Na have been 
very la rg e  and s ig n if ic a n t  (P = O .O l). In each case amounts in  the 
o rd er o f 0 .1  or 0 . 2% Na or more have been involved which a re  g en e ra lly  
in  the  o rder of a t  le a s t  5Qy of the mean. In the kale experim ents,
3 cwt o f potassium  ch lo rid e  norm ally reduced sodium uptake by a 
g re a te r  amount than the  increase  from 4 cwt of s a l t .  In the tu rn ip  
and grass  experim ents, 2 cwt of potassium  ch lo rid e  and 4 cwt of s a l t  
had broadly  equal e f f e c ts .  There were frequen t and la rg e  negative  
KS in te ra c t io n s  fo r  the kale experiments but n o t fo r  the o th e r crops.
I t  i s  thus apparen t th a t sodium from sodium ch lo rid e  can en te r 
the  p la n t re a d ily  in  g re a tly  increased  q u an tity  provided th a t i t  i s  
n o t in  com petition with potassium c h lo rid e . When given to g e th er, 
the n e t  e f f e c t  on sodium uptake is  sm all as potassium  is  the
p re fe rre d  elem ent.
There would n o t appear to  be a g re a t d eal o f p r a c t ic a l
s ig n if ic a n c e  in  the depressive  e f fe c t  on y  Ha brought about by
potassium  ch lo rid e  fo r  these  crops. Potassium  ch lo rid e  i t s e l f
in v a r ia b ly  in c reases  the  y  K and th is  i s  no doubt p a r t ly  a t  the
expense of sodium. Crowther (1945) ^as hovirever rep o rted  th a t  sm all 
o*
reductions^betw een 0 .1  and 0 .2  cwt. of sugar per acre  were found as 
a  mean of 28 experim ents with potassium  ch lo rid e  on sugar b ee t where 
the s o i l  potassium  s ta tu s  was a lready  good (>  16 mgs.^' K^O so lu b le  in  
1% c i t r i c  a c id ) .  This should be compared w ith a gain  of 1 .2  cwt. of 
sugar as a mean fo r  23 s o i ls  with analyses between 12 and 16 mgms.y 
K^O. (Superphosphate app lied  to s o i ls  high in  re a d ily  so lu b le  
phosphate in c reased  y ie ld s  by alm ost 1 cwt of sugar which was 
s u b s ta n t ia l ly  the  same as those with medium phosphate c o n te n ts .)
P iz e r  (1952) has a lso  repo rted  reductions in  the y ie ld  of sugar b ee t 
from a p p lic a tio n s  of potassium ch lo ride  to  s o i ls  of high potassium  
s ta tu s .  I t  i s  n o t unreasonable to suppose th a t under such circum­
stan ces  th a t  the supply of sodium (which i s  an im portant n u tr ie n t  
f o r  sugar b e e t)  i s  severe ly  r e s t r ic te d  by com petition from potassium .
Magnesium su lphate  in  the two g rass experiments in  which i t  was 
used has a lso  reduced sodium lev e ls  to  a sm all e x ten t.
The sodium conten t of the th ree  crops has a lso  been co n tro lled  
by the  supply of ammonium su lp h ate , and to a le ss  ex ten t by 
Superphosphate. So long as these f e r t i l i z e r s  increase  growth, there  
i s  an accompanying in crease  in  the sodium uptake. Table 35 shows the 
main e f fe c ts  of ammonium sulphate and superpnosphate on the yielci and
s o dium c on ten t s .
Table 35* e f f e c ts  of Ammonium Sulphate and Superphosphate on
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9.
Ammonium su lphate  markedly increased  the fo Na in  a l l  the kale 
experim ents except No. 5> an8. increases were g re a te r  where the 
y ie ld  increm ent was most. I t  had no e f fe c t  on y ie ld  in  the tu rn ip  
experim ents and i t  consequently had l i t t l e  in fluence  on the sodium 
up take . I t  increased  the fi Na in  a l l  the grass experiments in  every 
case vdiere i t  increased  y ie ld s . The anoraolous re s u lts  fo r  c lover 
may perhaps be explained on the oasis th a t  whereas n itrogen  depressed
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the c lo v e r y ie ld , in d iv id u a l su rv iv in g  p la n ts  made b e t te r  growth.
The in c rease s  m  sodium uptake re s u l t in g  from ammonium su lp h a te  were 
comparable in  s iz e  to those from s a l t .
In the g ra s s , the NK in te ra c t io n s  were g e n e ra lly  n eg a tiv e  and the 
NS ones p o s it iv e  fo r  the y  Na. Four of the f iv e  NK in te ra c t io n s  
w ith k a le  were a lso  n eg a tiv e .
The e f f e c t  of superphosphate on sodium uptake has been le ss  
pronounced and more i r r e g u la r .  I t  increased  th e  y  Na most in  the 
two ka le  experim ents where i t  had the g re a te s t  e f f e c t  on y ie ld .
There were only sm all increm ents in  the tu rn ip  experim ents and no 
e f f e c t  on the g rass  which did n o t respond in  y ie ld .
There i s  thus evidence to suggest th a t  the sodium le v e l i s  
enhanced when some o th e r fa c to r , e sp e c ia lly  n itro g en , and with le s s  
c e r ta in ty  phosphate, increases y ie ld . This may be due to a d e f in i te  
need o f the p la n t ,  o r perhaps, in  a sense, be a c c id e n ta l . Increased  
growth i s  norm ally a sso c ia ted  w ith reduced dry m atter contents and 
g re a te r  w ater uptake and there may be secondary in fluences on ro o t 
s iz e  and p e rm eab ility .
S charre r and Jung (1957) have re c en tly  published the r e s u l ts  of 
p o t experim ents w ith maize to in v e s tig a te  the e ffe c ts  on m ineral 
com position of sodium, potassium and calcium supplied  as d if f e r e n t  
an io n s, -  the n i t r a t e s ,  su lphates , b icarbonates , phosphates and 
c h lo r id e s . They found th a t anions im portant in  p la n t n u tr i t io n  such 
as n i t r a t e  and phosphate promote the p en e tra tio n  in to  p la n ts  of 
c a tio n s  (e .g . Na) fo r  # iich  there  is  normally a sm all requirem ent,
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b u t the uptake of potassium , due to  i t s  e s s e n t ia l  n a tu re , was 
u n a ffe c ted  by the an ion .
These experim ents th e re fo re  in d ic a te  th a t  da ta  reg ard in g  the 
uptake o f sodium supp lied  as sodium n i t r a t e  should be in te rp re te d  w ith 
cau tion  as some la rg e  p o rtio n  may be due to  the n i t r a t e .
I t  i s  d i f f i c u l t  to  fo llow  the arguments of Frens (1955) blames
the scouring  of c a t t l e  consuming young luscious g rass on inadequate 
amounts o f sodium (and perhaps copper) in  the d ie t  which leads to  
w ater re so rp tiv e  d i f f i c u l t i e s .  t H a r t  (1956) has a lso  suggested th a t 
heavy n itro g en  f e r t i l i z a t i o n  of g rass may induce g rass  te tan y  by 
(amongst o th e r th in g s )  depressing the sodium uptake of the herbage.
The p re se n t experiments and those of S tew art and Holmes (1953) 
co n c lu s iv e ly  show th a t  in te n s iv e ly  manured grass has a much h igher 
sodium co n ten t than s im ila r  herbage grown w ithout n itro g en .
(B) POTASSIUM
Reference to  Tables 16, 22 and 28 shows th a t  potassium  ch lo ride  
has been u n iv e rs a lly  e f fe c tiv e  in  in c reas in g  the $ K  in  k a le , tu rn ip s , 
g rass  and c lo v er by la rg e  and s ig n if ic a n t  (P = O.Ol) amounts. The 
increm ents in  g rass and clover have norm ally been in  the o rder of 
0.25 to  0 .60$ K a t  a l l  s tag e s . There have been increm ents ranging 
between 0.25 and 1 .0$  K in  the kale and from about 0 .1  to  0 .5$  in  
tu rn ip s . Potassium  c le a r ly  en ters  the p la n t e a s ily  and in  increased  
amounts w ith a d d itio n a l su p p lie s .
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S a lt has had very l i t t l e  in flu en ce  on potassium  up tak e . In 
ka le  and tu rn ip s  th e re  has been an  alm ost equal d iv is io n  between 
sm all in c rease s  and red u c tio n s  in  the o rd er of 0 .1 $  K o r le s s .  Only 
r a r e ly  was th is  amount exceeded. S im ila r , bu t perhaps sm alle r , e f fe c ts  
were observed in  g ra s s .
In  view of the  g re a t depressive e f fe c ts  of potassium  ch lo rid e  
on sodium up take, i t  i s  n o t a t  a l l  unexpected to f in d  th a t  s a l t  has 
such a sm all in flu en ce  on potassium  up take. On the  o th e r hand, i t  
might have been th e  case th a t s a l t  should reduce the  $  K as i t  
so g re a t ly  in c rease s  the  sodium conten t of the dry m a tte r. In the 
g rass  and c lo v er and tu rn ip s , bu t no t with k a le , th e re  were g e n e ra lly  
n eg a tiv e  KS in te ra c t io n s  in d ic a tin g  th a t  s a l t  has a tendency to 
in c rease  the y  K when no potassium  ch lo rid e  is  given, bu t to depress 
i t  when both a re  ap p lied  to g e th e r.
The in flu en ce  of s a l t  on potassium  uptake i s  th e re fo re  exceedingly 
sm all compared w ith  the  in fluence  of potassium  on the sodium conten t 
of c ro p s .
Ammonium su lp h ate  has had l i t t l e  c o n s is te n t e f fe c t  on the potassium  
con ten ts  of e i th e r  ka le  or tu rn ip s . I t  might perhaps have been 
expected to reduce i t  in  view of the la rg e  increase  in  sodium uptake.
The e f f e c t  i s  a lso  hard  to fo llow  in  g rass as the y ie ld  stim ulus in  
the e a r ly  cu ts  in c reases  the y N but is  followed by a reduction  in  
potassium  consequent upon the removal of la rg e  amounts from the s o i l  
compared w ith the u n trea ted  p lo ts .
There were freo u en t p o s itiv e  and s ig n if ic a n t  NK in te ra c tio n s  fo r  
the g rass  experim ents, bu t these tended to he negative  and much 
sm aller in  k a le .
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(C) CALCIUM
Throughout a l l  the experim ents, the calcium  con ten ts  have been 
rem arkable fo r  the sm all v a r ia tio n s  caused by f e r t i l i z e r  a p p lic a tio n s .
Reference to Tables 17, 23 and 29 shov/s th a t  s a l t  and potassium  
c h lo rid e  have norm ally reduced calcium  u p tak es . Only ra re ly  however 
have the decreases been s ig n if ic a n t  and they have g e n e ra lly  been 
co n sid erab ly  le s s  than -0 .0 5% Ca. Ammonium su lphate  had i r r e g u la r  
e f fe c ts  in  the  o rder of +0.05/9 or le s s .
There i s  thus l i t t l e  expectation  th a t  a p p lic a tio n  of sodium 
and NP f e r t i l i z e r s  have a serious adverse e f fe c t  on the calcium  con ten t 
o f these  th re e  crops which provide the  bulk  of the  food of anim als 
on many farm s, b u t n a tu ra l ly  the calcium content of herbage f a l l s  
co n sid erab ly  as the c lover con ten t i s  reduced.
0 0 '  MAGNESIUM
F e r t i l i z e r s  have n o t g re a tly  a ffe c te d  the magnesium content of 
the th ree  crops (Tables IS , 24 and 30).
S a lt  has n o rm a lly  reduced magnesium uptakes by amounts in  the 
o rd er of - .0 0 5 ^  Mg. Only ra re ly  has th is  le v e l been exceeded and 
then to  the g re a te s t  ex ten t in  the l a t e r  grass cu ts when the  reductions
3E. ^reached s ig n if ic a n c e  a t  about -.013 ft to -.025
Potassium  ch lo rid e  behaved in  a s im ila r  manner. I t  reduced 
magnesium le v e ls  in  tu rn ip s and kale by about .005 *010^ and
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in  the g rass  experim ents by amounts o f up to S ig n if ic a n t
red u c tio n s  were found in  each of the g rass  experim ents, bu t only 
in fre q u e n tly  in  the o th er c rops.
'The f a l l  in  magnesium uptake r e su lt in g  from potassium  ch lor id e  
i s  w e ll known and these experiments show th a t s a l t  has s im ila r  
a n ta g o n is t ic  e f f e c t s .
Ammonium su lphate and superphosphate have had very sm all and 
ir r e g u la r  e f f e c t s  in  turnips and k a le , with the exception  t h a t ' 
n itrogen  g en era lly  increased  the uptake o f magnesium by k a le .
Ammonium su lphate in v a r ia b ly  increased  the °/<> Mg in  g ra ss , freq u en tly  
by s ig n if ic a n t  amounts in  the order o f  .015 to .045/9.
(E) BIOSHiQftUS
Tables 19> 25 and J>1 summarise the e f fe c ts  of f e r t i l i z e r s  on the 
uptake of phosphorus.
Superphosphate has normally increased  the fc P in  a l l  crops. In 
the case o f grass and c lover  only sm all e f f e c t s  in  the order o f .010  
to  .025c/c P were observed and in  only one experiment were the in creases  
s ig n if ic a n t  a t each cu t. In kale there have been s ig n if ic a n t  
increm ents o f about .030*9 in  four o f the s ix  experiments and in  
turnips the uptakes have been enhanced by amounts ranging up to 
. 05Oft in  the tops and •06rf0ft in  the ro o ts .
S a lt  has had l i t t l e  e f f e c t  on the phosphorus content o f  grass, 
r i s e s  o f up to about .010/9 being gen era lly  found and i t  normally
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reduced the le v e l in  c lover by up to  - . 025'/ , perhaps because of i t s  
adverse  in flu en ce  on y ie ld . S a lt  had i r r e g u la r  e f fe c ts  on k a le ; 
th e re  were increm ents and red uc tions in  the o rder of +.020% which 
fre q u e n tly  reached s ig n if ic a n c e .
S a l t  d id  however in c rease  th e  % P in  a l l  fo u r tu rn ip  
experim ents and in  Experiment 4 th e re  were p a r t ic u la r ly  la rg e  and 
s ig n i f ic a n t  neg a tiv e  PS in te ra c t io n s  fo r  both ro o ts  and tops as there  
were fo r  y ie ld .  This led  to  the fo llow ing  in c reases  in  phosphorus 
co n ten t.
% P . Increm ents.
j Mean Superphosphate S a lt1
i— ■ No S a lt S a lt No Superphosphate Superphosphate
Tops j -194 . 075** *02? .048** .000
Roots j .161 , 041s* ,018s* . 019** -.008
'Ihere is  thus a c le a r  e f fe c t  of s a l t  on in c reasin g  the phosphorus 
uptake as w ell as the y ie ld  in  the absence of superphosphate in  th is  
experim ent; bu t o th e r s i te s  which were equally  phosphorus d e f ic ie n t 
d id  n o t show s im ila r  tren d s , the PS in te ra c t io n s  being very sm all.
Ihere  i s  thus l i t t l e  support fq r  the view th a t  s a l t  g en era lly  
enhances phosphorus up take.
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TOTAL FRESH YIELD, (tons)




0 3 6 0 m 3
+ •0 .5 0
^ 0 . 8 6  }
Ammoninm Sulphate Q 1 4 .8 0 1 5 .4 1 1 6 .8 3 1 6 .1 9 1 4 .8 1 1 6 .0 4 1 5 .6 8
4 1 6 .0 1 1 8 .4 8 1 9 .6 2 1 7 .2 3 1 7 .4 3 1 9 .4 4 1 8 .0 3
8 1 8 .4 5 2 0 .1 0 2 1 .3 5 1 9 .8 6 2 0 .8 1 1 9 .2 3 1 9 .9 7
u U 0 1 5 .6 2 1 7 .3 0 1 6 .3 4 1 6 .4 2Superphosphate _
5 1 7 .8 2 1 8 .2 2 1 7 .9 5 1 8 .0 0
6 1 9 .8 4 1 7 .5 3 2 0 .4 2 1 9 .2 7
1 6 .4 2 1 8 .0 0 1 9 .2 7 1 7 .7 6 1 7 .6 8 1 8 .2 4 1 7 .8 9
Mean
S.E. per plot. 1 , 4 9  Sig. Diff. Central. 5% p ,9 7  1% 4 .5 0
of means. Marginal. 5% 1 -7 3  1% 2 .6 2
Interactions NP + 0 . 4 3  NK -  0 .2 4 P K - 0 . 07
TOTAL DRY MATTER YI
SUPERPHOSPHATE POTASSIUM CHLORIDE
CW T/ACRE MEAN
0 3 6 0 1% 3
(+ 0 .1 0 8  ) T O .062
Ammonium Sulphate ^
1 .7 5 5 1 .7 8 5 1 .9 8 9 1 .9 0 9 1 .6 9 7 1 .9 2 2 1 .8 4 3
4 1 .7 8 6 2 .0 5 5 2 .1 7 0 1 .9 4 9 1 .9 0 7 2 .1 5 4 2 .0 0 3
8 1 .9 9 3 2 .1 2 1 2 .2 4 8 2 .1 3 2 2 .2 1 3 2 .0 1 8 2 .1 2 1
Superphosphate q
1 .8 0 7 1 .9 0 2 1 .8 2 5 1 .8 4 5
3 1 .9 9 0 1 .9 6 8 2 .0 0 2 1 .9 8 7
6 2 .1 9 3 1.94-7 2 .2 6 7 2 .1 3 6
Mean 1 .8 4 5 1 .9 8 7 2 .1 3 6 1 .9 9 7 1 .9 3 9 2 .0 9 2 1 .9 8 9
SUP ERPHOSPHATE POTASSIUM CHLORIDE
MEAN
0 3 6 0 IV4 3
(~ 1 .1 3  }
T 0 .6 5
+ 0 .6 3 + 0 .4 1 + 0 .5 5 + 1 .7 3 -  0 .5 1 -  0 .7 3 + 0 .1 6
+ 2 .3 3 + 0 .3 9 + 0 .5 7 + 1 .1 2 + 1 .7 8 + 0 .3 9 + 1 .1 0
+ 1 .8 0 + 1 .5 9 + 0 .6 4 + 2 .0 1 + 1 .1 0 + 0 .9 1 + 1 .3 4
+ 2 .0 3 + 0 .9 5 + 1 .7 8 + 1 .5 9
+ 1 .2 3 + 0 .8 1 + 0 .3 5 + 0 .8 0
+ 1 .5 9 + 0 .6 2 -  1 .5 5 + 0 .2 2
+ 1 .5 9 + 0 .8 0 + 0 .2 2 + 1 .6 2 + 0 .7 9 + 0 .1 9 + 0 .8 7 *
S.E. per 1 .9 6  Sig. Diff. Central. 5 % 3 .6 8  1% 5 .3 6
pl°t. of means. Marginal. 5% p . 12 ^ 3 .0 8
Interactions NPS + 0 • 01 NKS + 0 .6 8 PKS - 1 .4 4




0 3 6 0 m 3
+  0 7 ?
(+ .1 2 5  )
+ .1 0 1 + .0 3 4 -  .0 7 1 + .1 9 3  . -  .0 6 4 -  .0 6 5 + .0 2 2
+ .2 2 8 + .0 1 2 + .0 7 8 + .0 8 9 + .2 3 7 -  .0 0 7 + .1 0 6
+ .1 5 3 + .1 6 2 + .1 9 8 + .2 9 0 + .1 0 8 + .1 1 5 + .1 8 2
+ .1 8 9 + .1 3 3 + .1 6 1 + .1 6 1  '
+ .1 4 5 + .0 9 0 -  .0 2 8 + .0 6 9
+ .2 3 7 + .0 5 8 -  .0 9 0 + .0 6 8
+ .1 6 1 + .0 6 9 + .0 6 8 + .1 9 1 + .0 9 4 + .0 1 4 + .0 9 9 *
S.E. per plot. 0 . 1 8 6  Sig« Diff.
of means.
Central. 5% *374 \% .  566
Marginal. 5% .2 1 5  1% .3 2 5





5% .2 2 5
1**568
i s . 3 2 7
Interactions NP + 0 .0 1 1  NK_ 0.064 PK + 0.028 Interactions NPS + *108NS + .160
NKS + .0 4 1
k s - .177
PKS "  - 1 5 0
p s  -  .0 9 3
% Na. LEAF.
















t  .0 1 6
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S.E. per plot. .0 4 9  Sig. Diff. Central. 5% .0 9 7  1% .1 4 7  
of means. Marginal. 5% .0 5 5  ^  .0 8 4
Interactions NP + .0 0 7  NK — .0 7 4  PK — .0 0 4
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SUP ERPHOSPH AT E POTASSIUM CHLORIDE 
1%
( - . 0 4 0  >
+ .0 8 5  
+ .2 2 5  
+ .1 2 3
+ .1 7 0  
+ .1 5 7  
+ .1 7 5
+ .1 4 4
+ .1 6 7  
+ .1 2 5  
+ .130
+ .1 6 7 + .1 4 1
+ .2 3 5  
+ .328 
+ .3 3 0
+ .3 4 5  
+ .3 3 2  
+ .2 1 7
+ .298
+ .0 6 8  
+ .100  
+ .0 5 7
+ .0 5 2  
+ .0 6 5  
+ .1 0 8
+ .0 7 5
+ .1 1 8  
+ .0 7 8  
+ .0 4 2
+ .0 3 7  
+ .1 0 5  
+ .0 9 7
+ .0 7 9
MEAN
lr. C23
+ .1 4 1
+ .169
+ .14-3
+ .1 4 4  
+ .1 6 7  
+ .1 4 1
+ .151













5% .1 3 0  1% .1 9 0
5% .0 7 5  1% .1 0 9
.0 8 5  pk s  + .0 9 4  
.2 1 8 * *  PS -  .0 0 3
'EM.
SUP ERPHOSPHATE POTASSIUM CHLORIDE
1%
t  . 0 3 0
+ .0 2 3  
+ .2 0 7  
+ .1 3 2
+ ,121
+ .0 9 3  
+ .098 





+ .1 1 3  
+ .1 7 7
+ .1 3 7
+ .1 0 5  
+ .2 4 5  
+ .3 1 5
+ .2 3 3  
+ .2 1 3  
+ .2 1 8
+ .222
+ .0 9 2  
+ .0 8 0  
+ .0 9 3
+ .0 8 0  
+ .032 
+ .1 5 3
+ .0 8 8
+ .0 4 0  
+ .0 9 3  
+ .0 2 5
+ .0 4 8  
+ .0 7 2  
+ .038
+ .0 5 3
MEAN
+ .0 7 9  
+ .1 3 9  
+ .1 4 4
+ .121 
+ .106 
+ .1 3 7
+ .121
S.E. per plot. .0 3 9  Sig. Diff.
of means.
Central. 5% .0 8 0  1% .1 2 1
Marginal. 5%.0 4 5  .0 6 8
Interactions NP + .0 0 5  NK -  .1 0 .6 -  PK -  .0 1 7






5% .1 6 9  1% .2 4 6
5% #q 98  1% .1 4 2
NPS -  .0 2 6
NS -  .0 6 5
NKS v  .1 1 3  
KS -  .1 6 9
PKS + .0 0 2  
PS -  .0 1 6
f  K. LEAE. A 4 .
KALE. EXPERIMENT 1 , Main N P K E ffe c ts .    ■ ■ — Res ponses to  S a lt .
SUPERPHOSPHATE POTASSIUM CHLORIDE SUP ERPHOSPHAT E POTASSIUM CHLORIDE
CWT/ACRE MEAN MEAN
0 3 6 0 m 3 4-0.05 0 3 6 0 1V4 3 . 0.06
^  o,08 } (± 0 . 10 >
Ammoninm Sulphate q 2.56 2.56 2.59 2.24 2.70 2.77 2.57 -  .25 + .05 + .02 -  .12 + .03 -  .10 -  .06
4 2.39 2.30 2.35 2.19 2.28 2.57 2.35 -  .02 -  .37 -  .20 -  .12 -  .23 -  .20 -  .19
8 2.48 2.36 2.37 2.34 2.24 2 . 6 2 . 2 . 6 # -  .18 -  .15 -  .12 -  .22 -  .08 -  .05 -  .12
Superphosphate ^ 2.24 2.56 2.63 2.48 -  .28 -  .05 -  .12 -  .15r  r  r  ^
2.29 2.41 2.52 2.41 -  .12 -  .08 -  .17 -  .17
6 2.24 2.26 2.81 2.44 -  .15 -  .18 -  .07 -  .10
2.48 2.41 2.44 2.26 2.41 2.65 2.44 -  .15 -  .12 -  .10 -  .15 -  .11 -  .12 -  .12
Mean
S.E. per plot. 0-14 SI. . Diff. Central. 5% 0.28 i% 0.42 S.E. per 0.18 Sig. Diff. Central. 5% .32 i% .47
of means. Marginal. 5% 0.16 1% 0.25 plot. ; oi means. Margined 595 .19 1% .28
Interactions N P  -  0.07 n k  _ 0.13 p k  + o.09 Interactions NPS _ 10 NKS + .07 PKS _ .04
NS _  _06 KS + .03 PS ♦ .05
of-XL K. STE3■'I.
SUPERPHOSPHATE POTASSIUM CHLORIDE SUPERPHOSPHATE POTASSIUM CHLORIDE
CW T/ACRE MEAN






0 3.59 3.44 3.31 3.08 3.57 3.69 3.45 + .08 + .12 -  .02 -  .02 -  .02 + .22 + .06
4 3.61 3.48 3.41 3.42 3.64 3.44 3.50 -  .05 -  .32 -  .02 .00 -  .23 -  .15 -  .13
8 3.55 3.45 3.57 3.22 3.57 3.78 3.52 -  .13 -  .03 + .10 -  .03 -  .03 .00 -  .02 i
Superphosphate ^
3.23 3.77 3.76 3.59 -  .08 -  .07 + .05 -  .03
3 3.29 3.57 3.51 3.46 -  .18 -  .17 + .12 -  .08
6 3.19 3.44 3.65 3.43 + .22 -  .05 -  .10 + .02
Mean 3.59 3.46 3.43 3.24 3.59 3.64 3.49 -  .03 -  .08 + .02 i • o r
o -  .09 + . o K3 -  .03
S.E. per plot. 0 .2 6  Sig. Diff. Central. 5% 0 .5 2  1 % 0 .7 9  S.E. per plot. 0 .3 0  Sig. Diff. V t
of means. Marginal. 5% 0 .3 1  1% 0 .4 7  of means. Marginal. 5* 0 . 3 2  1 % 0 .4 7
Interactions NP + 0 . 1 5  NK - 0 . 0 2  PK -  0 .0 3  Interactions NPS+ .1 6  NKS -  .1 0  PKS -  .2 2
N S-  .0 8  KS + .0 4  PS + .0 5
% Ca. LEAF. A 5.





























t  0 .0 8
^  0 . 0 5  ] ( - 0 . 1 4  *
Ammoninm Sulphate q
2 .3 5 2 .1 1 2 .1 2 2 .3 0 2 .1 5 2 .1 3 2 .1 9 -  .0 7 + .0 4 + .0 6 -  .0 1 -  .0 7 + .1 1 + .0 1
4 2 .2 1 2 .2 8 2 .1 4 2 .2 0 2 .1 4 2 .1 8 2 .2 1 + .0 4 + .1 1 -  .3 2 + .0 6 + .0 7 -  .3 1 -  .0 6
8 2 .2 3 2 .1 6 2 .2 3 2 .1 5 2 .2 7 2 .2 0 2 .2 1 -  .2 3 -  .0 3 -  .0 4 -  .3 9 -  .1 1 + .2 0 -  .1 0
Superphosphate ^ 2 .3 2 2 .2 5 2 .2 2 2.26 + .0 3 -  .1 5 -  .1 4 -  .0 8
3 2 .1 4 2 .2 0 2 .2 1 2 .1 9 -  .1 0 -  .1 4 + .3 6 + .0 4
6 2 .1 9 2 .2 2 2 .0 7 2 .1 6 -  .2 7 + .1 9 -  .2 2 -  .1 0
2 .2 6 2 .1 9 2 .1 6 2 .2 2 2 .2 2 2 .1 7 - 2 .2 0 - .  0 8 + .0 4 -  .1 0 -  .1 1 -  .1 0 .0 0 -  .0 5
Mean
S.E. per plot. 0 . 0 9  Sig. Diff. Central. 5% 0 . 1 7  1% 0 .26 S.E. peQ 2 4  Sig. Diff. Central. 5% .46 .6 6
of means. Marginal. 5% 0 .1 0  1% 0 .1 6 plot. ; of means. Marginal . 5% 2^ .3 8
Interactions NP + 0 . 1 1  NK + 0 .1 1 P K - 0 .0 1 Interactions NPS + .0 3  NKS + .2 2 PKS + .1 1
NS _  , H  KS + .1 1 PS _ .0 2
% Ca. £ ?2JM.
SUPERPHOSPHATE POTASSIUM CHLORIDE SUP ERPHOSPHATE POTASSIUM CHLORIDE MEAN
CWT/ACRE MEAN
0 3 6 0 3 0 3 6 0 3
t  .0 3 t  0 6
<± .0 5  > (-  .1 0  }
#uo
Ammonium Sulphate ^
.9 1 .8 5 *88 .9 0 .8 7 .8 8 .8 8 .0 0 + .0 9 -  .0 8 + .0 4 . + .0 6 -  .0 9
.0 0
4 .9 2 .8 6 .9 1 .9 0 .9 4 .3 5 .9 0 + .0 7 -  .0 2 .0 6 -  .0 2 + .0 3 -  .0 3
-  .0 1
8 .9 8 .9 1 .8 7 .9 1 .9 8 .8 7 .9 2 -  .0 1 + .0 3 + .1 7 + .0 2 + .1 4 + .0 4 + .0 6
Superphosphate q
.9 1 .9 7 .9 2 .9 4 -  .0 2 + .1 4 -  .0 6 + .0 2
3 .9 2 .8 3 .8 2 .8 9 + .0 3 + .0 1 + .0 6 + .0 3
6 .8 8 .9 3 .8 5 .8 9 + .0 4 + .0 7 -  .0 8 + .0 1  i
Mean .9 4 .3 7 .8 9 .9 0 .9 3 .8 6 .9 0 + .0 2
+ .0 3 + .0 1 + .0 1 + .0 7 -  .0 3 + .0 2
S.E. per plot. . 0 3  Sig. Diff.
of means.
Central. 5% .  IV  1% • 26
Marginal. 5% 1%





5% # 1 9
1% .4 7  
1% .28
Interactions NP -  .0 4 NK -  .0 1 PK -  .0 2 Interactions NPS + .1 3  NKS + .0 7
NS + .0 6  : KS -  .0 4
PKS _  .0 4  
PS -  .01
KALE. EXPERIMENT 1. Main N P K E f f e c ts .
?• Mg. LEAF
Responses to  S a l t .
A 6 »
SUPERPHOSPHATE POTASSIUM CHLORIDE SUPERPHOSPHATE POTASSIUM CHLORIDE
CWT/ACRE MEAN MEAN
0 3 6 0 VA 3
+• .003 0 3 6 0 1% 3 .008
(± .006 ) ( i  • 014)
Ammoninm Sulphate
0 .132 .117 .123 .131 . 1 1 8 .123 .124 -  .039 -  .007 -.0 0 9 + .003 -  .039 -  .023 -  .018
4 .123 .121 .133 .130 .125 .122 .126 + .013 + .022 -  .002 + .026 -  .007 + .014 + .011
B .124 .120 .116 .128 .120 .122 .120 -  .011 -  .018 + .002 -  .019 -  .008 + .001 -  .009
Superphosphate 0 .127 .129 .127 .127 + .007 -  .037 -  .007 -  .012
3 .124 .118 .116 .119 -  .001 -  .005 + .003 -  .001
6 .128 .119 .125 .124 + .003 -  .008 -  .005 -  .003
Mean
.127 .119 .124 .126 .121 .122 .123 -  .012 -  .001 -  .003 + .003 -  .017 -  .003 -  .005
S.E. per plot. .010 Sig. Diff. Central. 5% .020 1% .032 S.E. per .024 Sig. Diff. Central. 5% .046 1%.066
of means. Marginal. 5% #010 1% .016 plot. ; ol means. Marginal 5% .026 1% .038
Interactions n p  + nm n k  . 001 p k  n m Interactions NPS -  .008 NKS + .023 PKS + .003NS + .009 KS -  .006 PS + .009
eLl'- Mg. STE1 *
SUPERPHOSPHATE POTASSIUM CHLORIDE SUPERPHOSPHATE POTASSIUM CHLORIDE
CW T/ACRE MEAN
MEAN
0 3 6 0 1% 3 0 3 6 0 1% 3
4-
(+ ) “ .005 <+ ) ~ .010
.009 .017
Ammoninm Sulphate q .158 .145 .142 .157 .151 .138 .148 -  .014 -  .009 -  .027 + .011 -  .037 -  .023 -  .017
4 .167 .157 .153 .158 .160 ,159 .159 +  .005 +  .010 -  .022 +  .009 -  .003 -  .013 -  .007
8 .151 .147 .151 .147 .147 .156 .150 -  .016 -  .021 -  .009 -  .019 -  .007 -  .021 -  .016
Superphosphate q .164 ,157 .155 .159 + .021 -  .016 -  .030 -  .008
3 .153 .148 .148 .150 -  .006 -  .011 -  .003 -  .007
6 .145 .152 .150 .149 -  .014 -  .021 -  .023 -  .020
Mean .159 •150 .149 .154 .152 .151 .152 -  .008 -  .007 -  .020 .000 -  .016 -  .019 -  .012
S.E. per plot. .0 1 5
of means.
Central. 5% .0 3 1  1% .0 4 7
Marginal. 5% .0 1 7  ^  .0 2 6
S.E. per plot. *029 Sig. Diff. Central.
of means. Marginal.
5% *055 i% .OBI 
5% .0 3 3  l%  .0 4 7
Interactions NP + .0 0 8  NK + .0 1 4 PK + .0 0 7 Interactions
NPS + .0 1 0  NKS + *016 PKS + *021
NS + .0 0 1  • KS -  .0 1 9  PS -  .0 1 2
$ P . LEAF. A 7 .
KALE. EXPERIMENT 1 .___________ M ain N P K E f f e c t s . ------------------------    R e sp o n ses  t o  S a l t .
S U P E R P H O S P H A T E POTASSIUM  CH LO R ID E SU PE R PH O SPH A T E POTASSIUM CH LO RID E
C W T /A C RE ME AH MEAN
0 3 6 0 VA 3
+■ .0 0 7
0 3 6 0 1% 3
+  .0 1 0
(± .0 1 2  ) ( 1 . 0 1 7  )
Ammonium Sulphate
.263 .2 9 0 .2 9 2 .2 9 4 .2 7 9 .2 7 3 .2 8 2 + .0 3 8 + .0 0 7 + .0 1 2 + .0 1 8 + .0 2 3 + .0 1 2 + .019
4 .2 7 2 .2 9 4 .2 9 4 .3 0 0 .2 6 5 .2 9 5 .2 6 7 + .0 1 3 .0 0 0 + .0 0 2 -  .0 0 3 + .0 3 0 -  .0 1 2 + .005
8 .2 8 0 .3 0 4 .2 9 9 .2 9 4 .3 0 5 .2 9 4 .2 9 8 + .0 1 7 + .0 1 0 -  .0 0 5 + .0 1 3 -  .0 1 0 + .0 1 8 + .0 0 7
Superphosphate 0 .2 7 1 .262 .2 8 2 .2 7 2 + .0 0 5 + .0 2 3 + .0 4 0 + .0 2 3
3 .3 1 1 .2 9 0 .2 9 6 .2 9 9 -  .0 1 2 + .0 3 3 -  .0 0 5 + .0 0 6
6 .3 0 5 .2 9 7 .2 8 4 .2 9 5 + .0 3 5 -  .0 1 0 - . 0 1 7 + .0 0 3
Mean
.2 7 2 .2 9 9 .2 9 5 .2 9 6 .2 8 3 .2 8 7 .2 8 9 + .0 2 3 + .0 0 6 + .0 0 3 + .0 0 9 + .0 1 6 + .0 0 6 + .0 1 0
S.E. per plot. ,0 2 0  Sig. Diff. Central. 5% .0 4 0  1% .0 6 0 S.E. per .0 2 9  Sig. Diff. Central. 5% .0 5 5 .0 8 1
of means. Marginal. 5% #023 1% .0 3 5 plot. oi means. Marginal. 5% .0 3 3  ^ .0 4 7
Interactions NP -  .0 0 5  NK+ 0 1 0 P K -  .0 1 6 Interactions NPS + .0 0 2  NKS + .0 0 6 PKS - .0 4 3
NS .0 1 2  KS -  .0 0 3 PS _ .0 2 0
7° P. STEM*
SU P E R P H O S P H A T E POTASSIUM  CH LO R ID E S U PE R PH O SPH A T E POTASSIUM  CHLORIDE
C W T /A C R E MEAN
0 3 6 0 3 0 3 6 0 m 3
m n
( t  .0 1 5  }
Z .0 0 9
(± .0 1 7  }
Ammonium Sulphate q
.3 0 5 .313 .3 2 4 .3 2 3 .2 9 6 .3 2 4 .3 1 4 + .0 4 0 +  .0 2 2 +  .0 0 2 +  .0 2 5 . + .0 0 2 + .0 3 7 + .0 2 1
4 .3 0 5 .330 .3 4 4 .3 5 7 .2 8 4 .3 3 9 .3 2 6 + .0 3 7 + .0 1 0 + .0 0 7 .0 0 0 + .0 5 0 + .0 0 3 + .0 1 8
8 .2 9 5 .3 3 8 .3 2 7 .3 1 6 .3 3 3 .3 1 1 .3 2 0 + .0 4 3 + .0 3 2 -  .0 1 7 + .0 1 5 + .0 0 8 + .0 3 5 + .0 1 9 1
Superphosphate q
.3 2 9 .2 9 7 .2 8 0 .3 0 1 + .0 7 2 + .0 1 7 + .0 3 2 + .0 4 0  '
3 .3 2 7 .3 1 2 .3 4 2 .3 2 7 -  .0 3 0 + .0 4 7 + .0 4 7 + .0 2 1
6 .3 4 0 .3 0 3 .3 5 2 .3 3 2 -  .0 0 2 -  .0 0 3 -  .0 0 3 -  .0 0 3
Mean .3 0 1 .3 2 7 .3 3 2 .3 3 2 .3 0 4 .3 2 5 .3 2 0 + .0 4 0 + .0 2 1 -  .0 0 3 + .0 1 3 + .0 2 0 + .0 2 5 + .019*'
S.E. per plot. .0 2 6  Sig. Diff. Central. 5% .0 5 2  1% .0 7 9  S.E. per plot. .0 3 1  Sig. Diff. Central. 5% .0 5 5  } *  .0 8 1
of means. Marginal. 5% 1% #() 4 5  of means. Marginal. 5% 33 1*  # 0 4 7
Interactions NP + .0 0 7  NK -  .0 0 3  PK + .0 3 0  Interactions NPS — .0 1 1  NKS + .0 0 4  PKS + .0 1 8
NS -  .0 0 2  ; KS + .0 1 2  pS -  .0 4 3
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KALE. EXPERIMENT 2, Plain N P K E ffe c ts .
TOTAL FRESH HELD, (tons)- A
Responses to  S a lt,
C W T /A C RE
SUI
0




P O T A
0





t o .  80









1 2 .4 1
15 .31
1 6 .5 9
1 4 .7 7
1 1 .9 0
1 6 .0 9
1 8 .7 7
1 5 .5 9
1 2 .3 3
1 5 .6 6
2 0 .1 0
1 6 .0 4
1 0 .7 9
1 5 .6 0
1 8 .3 3
1 2 .4 1
1 6 .1 3
1 6 .1 7
1 4 .9 1
1 2 .9 7
1 6 .8 4
1 8 .4 1
15 .86
1 5 .1 4
1 7 .2 3
1 6 .0 8
1 2 .8 9
1 4 .6 5
1 8 .7 1
1 6 .0 4
1 5 .4 9
1 4 .7 2
15141
1 2 .2 2
1 5 .7 0
1 8 .4 5
1 4 .7 7
1 5 .5 9
1 6 .0 4
1 5 .4 6
S.E. per plot. 2 .4 1  Sig. Diff. Central. 5% 4 .8 0  1% 7 .2 8  
of means. Marginal. 5% 2 .7 6  1% 4 .1 9
Interactions NP + 1 .7 9  NK -  0 .8 7  PK -  2 .5 1
TOTAL DEI MATTER
C W T /A C R E
SUI
0











±  0 .126










1 .5 9 5
1 .9 2 1
1 .9 6 0
1 .8 2 5
1 .5 7 9
1 .9 7 3
2 .1 0 5
1 .8 8 6
1 .6 2 8
1 .9 0 5
2 .2 7 4
1 .9 3 5
1 .4 7 3  
1 .8 9 5  
2 .0 6 2
1 .5 4 9
1 .9 3 9
1 .9 4 1
1 .8 0 9
1 .6 7 4  
2 .0 7 8  
2 .1 4 3
1 .9 4 6
1 .8 2 7
2 .1 2 2
1 .9 6 5
1 .6 5 5
1 .8 2 3
2 .1 3 4
1 .9 8 1
1 .8 9 1
1 .7 4 4
1 .8 7 2
1 .6 0 0  
1 .9 3 3  
2 .1 1 3
1 .8 2 5
1 .8 8 6
1 .9 3 5
1 .8 8 2
SU PE R PH O SPH A T E POTASSIUM CH LO RID E 
1%
< ± 1.00  )
+  0 .52  
+ 0.50  
+ 1 .6 5
+ 0 .8 9
+ 0 .8 1  
+ 0 .7 3  
+ 0 .7 7
+ 0 .7 7
+ 1 .6 3  
+ 2.26  
-  0 .3 4
+ 1 .1 8
+ 2 .3 8 + 2 .1 9 -  1 .6 1
+ 2 .3 7 + 1 .9 1 -  0 .1 5
+ 1 .8 9 + 0 .7 9 -  0 .6 0
+ 1 .7 7 + 2 .2 1 -  1 .3 0
+ 1 .3 5 + 1 .1 9 -  0 .2 2
+ 3 .5 3 + 0 .8 5 -  0 .8 3
+ 2 .2 2 + 1 .4 2 -  0 .7 8
MEAN
0 .5 7
+ 0 .9 9  
+ 1.16 
+ 0 .7 0
+ 0 .8 9  
+ 0 .7 7  
+ 1 .1 8
0 .9 5 s














5% 5.26  
5% 1 .8 6
1% 4 .7 4  
1% 2 .7 0
+ 0 .7 5  
-  3.00
PKS -  O.65 
PS + 0 .2 9
SUF
0











- . 0 7 4
(±  .1 2 8  }
-  .0 3 0  
+ .1 0 0  
+ .1 6 9
+ .0 8 7
+ .0 1 8  
+ .0 4 9  
+ .o 2 3
+ .0 3 0
+ • 231  
+ .2 4 7  
+ .0 8 2
+ .1 8 7
+ .3 0 6  
+ .1 8 7  
+ .2 2 4
+ .1 6 3  
+ .1 3 2  
+ .4-22
+ .2 3 9
+ .1 9 1  
+ .0 6 8  
+ .1 8 8
+ .2 5 4  
+ .0 1 2  
+ .1 8 1
+ .1 4 9
-  .2 7 8  
+ .1 4 1
-  .1 3 8
-  .1 7 8
-  .0 5 4
-  .0 4 2
-  .0 9 2
+ .0 7 3  
+ .1 3 2  
+ .0 9 1 1
+ .0 8 7  
+ .0 3 0  
+ .1 8 7
+ .0 9 9 *
S.E. per plot, q 3 7 8  Sig. Diff.
of means.
Central. 5% 0 .7 5 4  1% 1 ,1 4 2
Marginal. 5% Q .4 3 6  1% 0 .6 6 0







1% .3 5 1
Interactions n p  + 0 .1 4 0  n k -  0 .0 5 5 pk -  0 .3 1 5 Interactions NPS -  0 .1 7 4
NS + 0 .0 1 8
NKS+ 0 . 1 1 1  
K S - 0.331
PKS -  0 .0 6 4  
PS + 0 . 1 0 0
KALE. EXPERIMENT 2. Main N P K E ffe c ts .
% <Na. LEAP.
Responses to  S a lt .
A 1 0 .
C W T /A C R E
SUI
0




P O T A
0





















































S.E. per plot. .044 Sig. Diff. Central. 5% .087 1% .131 
of means. Marginal. 5% 052 ^  078
Interactions NP + .050 N K - .267*** PK -  .019
% Na. STEM,
C W T /A C R E
SUI
0











t  . 0 2 1


















































SU PE R PH O SPH A T E POTASSIUM CH LO RID E
MEAN
0 3 6 0 i% 3
(± .0 5 1 ) -  .030
+ .112 + .1 1 7 + .1 4 5 + .1 4 3 + .0 8 0 + .1 5 0 + .1 2 4
+ .1 9 2 + .212 + .1 3 0 + .2 0 8 + .2 4 3 + .0 8 2 + .1 7 8
+ .2 7 0 + .1 3 3 + .1 6 3 + .2 2 7 + .2 3 5 + .1 0 5 + .1 8 9
+ .222 + .2 1 7 + .1 3 5 + .1 9 1
+ .1 2 7 + .200 + .1 3 5 + .1 5 4
+ .230 + .1 4 2 + .0 6 7 + .14-6
+ .1 9 1 + .1 5 4 + .1 4 6 + .1 9 3 + .1 8 6 + .112 + .1 6 4 3
S.E. per .0 8 9  SiS* Diff* Central. 5% *166 195.308
plot. oi means. Marginal 59S .098  1%.1 4 2
Interactions NPS -  .0 7 0 NKS -  .0 6 5 PKS - .038
NS -  .0 6 5 KS -  .0 8 1 PS .0 4 5
S U PE R PH O SPH A T E POTASSIUM  CHLORIDE
MEAN
0 3 6 0 3
(~ .062 )
~  .036
+ .1 5 3 + .112 + .112 + .1 4 0 + .102 + .1 3 5 + .126
+ .1 3 2 + .2 1 7 + .182 + .2 0 5 + .2 4 7 + .0 7 8 + .176
+ .2 5 7 + .1 4 2 + .1 7 5 + .268 + .212 + .0 9 3 + .1 9 0
+ .2 1 7 + .212 + .1 1 3 + .1 8 1
+ .2 1 3 + .1 4 5 + .112 + .1 5 7  :
+ .1 8 3 + .2 0 3 + .0 8 2 + .156
+ .1 8 1 + .1 5 7 + .1 5 6 + .2 0 4 + .1 8 7 + .1 0 2 + .164**
S.E. per plot. 064- Sig. Diff. Central. 5% *124 1% *189 S.E. per plot. .108 Sig. Diff. Central. 5% .202 1% .294
of means. Marginal. 5% .072 1% .110 of means. Marginal. 5% # 1 1 y  1% # 1 7 1
Interactions NP + Q50 NK -  2P33** PK -  016 Interactions NPS -  .020 NKS -  .085 PKS + .001
• 5 *u NS _  #064 KS _  .102 PS -  .025
%■ Iw LEAF.
KALE. SXPERIMEMT 2. Main N P K E ffe c ts . — -----------------
C W T /A C R E
SUI
0











t  0 . 1 1
^  0 . 1 8  >
Ammoninm Sulphate q 1 .5 2 1 . 8 4 1 . 6 7 1 .5 1 1 .5 5 1 . 9 7 1 .6 8
4 1 .5 2 1 . 5 2 1 ,8 5 1 .4 2 1 . 5 6 1 .9 1 1 .6 3
8 1 .4 4 1 .9 2 1 .4 8 1 .6 3 1 .4 3 1 .7 8 1 .6 1
Superphosphate ^ 1 .5 4 1 ,4 2 1 .5 3 1 . 5 0
3 1 . 6 7 1 .5 5 2 .0 5 1 .7 6
6 1 . 3 4 1 .5 7 2 .0 8 1 .6 7
1 . 5 0  . 1 .7 6 1 .6 7 1 .5 2 1 .5 1 1 .8 9 1 .6 4
Mean
S.E. per plot.n o p  Sig. Diff. Central. 5% 0 .6 2  i% 0 .9 4
of means. Marginal. 5% 0 .3 8 0 .5 8
Interactions n p -  0 .0 5 NK- 0 .1 5 PK + 0 .3 7
°/o K. STM .
SU P E R P H O S P H A T E POTASSIUM  CH LO R ID E
C W T /A C R E MEAN
0 3 6 0 i% 3
+
( i  0 . 23  > -  0 .1 3
Ammonium Sulphate
0 2 .8 9 3 .1 0 2 .9 5 2 .9 3 2 .7 2 3 .2 9 2 .9 8
4 3 .0 9 3 .0 7 3 .3 9 2 .9 5 3 .0 4 3 . 5 6 3 .1 8
8 3 .2 7 3 .7 0 3 .1 2 3 .2 8 3 .2 3 3 .5 8 3 .3 6
Superphosphate
0 3 .1 2 2 .9 1 3 .2 3 3 .0 8
3 3 .0 5 3 .0 5 3 .7 7 3 .2 9
6 3 .0 0 3 .0 3 3 .4 4 3 .1 6
Mean 3 .0 8 3 .2 9 3 .1 6 3 .0 6 3 .0 0 3 .4 8 3 .1 8
S.E. per plot. 0  40  Sig. Diff. Central. 5% 0 .8 0  1%1#21
of means. Marginal. 5% 0  .4 5  1% 0 . 68
Interactions n p  -  0 . 1 5  NK -  0 .0 3 PK + 0.16








P O T /
0






(1o.:1 4  ]
+ 0.10 
+ 0.02 
-  0 .05
+ 0.02
+ 0 .25  
+ 0 .27  
+ 0.03
+ 0 .18








-  0.02 
+ 0.05
+ 0.03
-  0.03 
+ 0.22
-  0.12





-  0.22 
+ 0.20











S.E. per 0.25 Sig. Diff. Central. 5% 0.46 1% 0.66 
plot. of means. Marginal. 5% Q.26 1% 0.38
Interactions NPS + 0 .2 2  NKS + 0 .0 7  PKS + 0 .0 3
NS -  0.03 KS + 0.01 PS -  0.14
SUP
0











- 0 .1 4
(-  0 .25 }
+ 0 .28 




-  0.10 
-  0.10
-  0 .07
-  0.27





-  0 .17
-  0.17



















-  0 .06
-  0.03
-  0 . 0 7
-  0 .12
-  0 . 0 7
S.E. per plot. 0 .45* Sig. Diff. Central. 5% 0 .8 2  1% 1 .1 9
of means. Marginal. 5% 0 .4 6  1% 0 .6 6
Interactions NPS + 0 .4 4  NKS + 0 . 1 1  PKS -  0 .1 5
NS -  0 .0 7  : KS -  0 .0 3  PS -  0 .0 9
KALE. EXPERIMENT 2. :Main N P K E ffe c ts ,
yv  CS .
C W T /A C R E
SUP E R P  HO SPH  AT E POTASSIUM  C H LO R ID E
^  0 .13  )
ME AH




















































5% 0 . 45 
5% 0 .24





C W T /A C R E
SU P E R P H O S P H A T E  
0 3
POTASSIUM  CH LO R ID E 

































S.E. per plot. *023 Sig. Diff.
of means.
Central. 5% .045 ^  .068
Marginal. 5% #Q2g ^  .042
Interactions n p  + 0 .0 6 h n k -  0.053* PK -  0.03
LEAF.
Response to  S a lt .
A 12.
SUP ER PH O SPH A T E POTASSIUM CH LO RID E
MEAN
0 3 6 0 1V4 3
Z  *07
(-  .13 >
-  .17 .00 + .01 + .19 -  .05 -  .30 -  .05
-  .40 -  .01 + .18 .00 -  .15 -  .07 -  .08
+ .12 + .07 -  .05 + .03 + .03 + .08 + .05
+ .01 -  .33 -  .13 -  .15
+ .05 + .09 -  .07 + .02
+ .16 + .07 -  .08 + .04
-  .15
CMO•+ + .04 + .08 -  .06 -  .10 o•1
S.E. per .22 Sig. Diff. Central. 5% .42 i% .62
plot. oi means. Marginal 59E .23 .33
Interactions NPS - 0 . 0 6  NKS + 0.27 PKS “ 0.05
NS + 0 .10 KS -  0.18 PS - 0.19
STEM.
SUP E R PH O SP H A T E POTASSIUM  CHLORIDE
MEAN
0 3 6 0 3
4"
<± .09 > ~ .05
+ .02 + .05 -  .10 -  .07 + .03 + .02 -  .01
.00 + .04 + .07 + .01 + .12 -  .02 + .04
-  .06 -  .09 .+ .03 + .06 -  .17 -  .01 -  .04 !
+ .03 -  .03 -  .05 -  .01
-  .01 -  .01 + .03 .00
. -  .02 + .02 + .01 .00
i • o H
oo. oo• oo• -  .01
oo• 0.00
S.E. per plot. . 1 5  Sig. Diff. Central. 5% #29 .43
of means. Marginal. 5% -i/' 1% p .
Interactions NPS + 0 .1 0  NKS- 0.08
NS -  0.03 ! KS 0.00
PKS + 0.02 
PS + 0.01
KALE. Sa PURU lEI'IT 2 . T.<X. J[a in  IT P E E f fe c ts . $  M g. LEAF. Responses to  S a l t .
A 1 3 .
SUP E R P  HO SPH  AT E POTASSIUM  C H LO R ID E SUP E R PH O SPH  AT E POTASSIUM CH LO RID E
C W T /A C RE MEAN MEAN
0 3 6 0 3
-V* 0 3 6 0 IV4 3
(± .0 0 8  ) “  .0 0 4 <± .0 1 4  ) - . 0 0 8
Ammonium Sulphate
0 .0 7 8 .0 9 2 .0 8 8 .0 9 5 .0 7 7 .0 8 6 .0 8 6 -  .0 0 8 + .0 1 3 + .0 0 7 + .0 1 4 + .0 0 5 -  .0 0 7 + .0 0 4
4 .0 9 0 .0 9 9 .0 7 0 .1 0 0 .0 8 3 .0 7 7 .0 8 6 -  .0 2 4 + .0 0 3 + .0 2 0 -  .0 0 9 + .0 0 8 + .0 0 1 .0 0 0
8 .0 8 9 .0 8 4 .1 0 1 .0 9 7 .0 9 5 .0 9 3 .0 9 5 + .0 1 1 -  .0 1 0 -  .0 0 5 + .0 0 5 + .0 0 1 -  .0 0 9 -  .0 0 1
Superphosphate 0 .0 9 2 .0 8 6 .0 7 9 .0 8 6 + .011 -  .0 0 6 -  .0 2 5 -  .0 0 7
3 .1 1 3 .0 9 0 .0 8 3 .0 9 5 -  .0 0 7 + .0 1 3 .0 0 0 + .0 0 2
6 .0 8 7 .0 7 9 .0 9 3 .0 8 6 + .0 0 6 + .0 0 7 + .0 0 9 + .0 0 7
Mean .0 8 6 .0 9 5 .0 8 6 .0 9 7 .0 8 5 .0 8 5 .0 8 9 -  .0 0 7 + .0 0 2 + .0 0 7 + .0 0 3 + .0 0 4 -  .0 0 5 + .0 0 1
S.E. per plot. .0 1 3  Sig. Diff. Central. 5% .0 2 6  1% .0 3 9 S.E. per 0 2 5  Sig. Diff. Central. 5% 046 1% .066of means. Marginal. 5% #014 1% .0 2 1 plot. oi means. Marginal 595 .0 2 6  ** .0 3 8
Interactions NP + .0 0 1  NK + .0 0 3 p k  + .0 0 9 Interactions NPS -  .0 1 5  NKS + .0 0 3 PKS 4 .0 1 9
NS -  .0 0 5  KS -  .0 0 8 PS 4 .0 1 4
1- Mg. STM.
SU P E R P H O S P H A T E POTASSIUM  CH LO R ID E SU PE R PH O SPH A T E POTASSIUM  CHLORIDE
C W T /A C R E MEAN
MEAN
0 3 6 0 m 3 0 3 6 0 1% 3
4. 4"
( t  .0 0 6  } “  .0 0 3 (~ .0 1 4  ]
— .0 0 8
Ammonium Sulphate
0 .1 2 8 .1 2 7 .1 2 3 .1 3 6 .119 .123 .126 + .0 0 8 + .0 1 4 + .0 0 1 + .0 1 4 + .0 0 6 + .0 0 3 + .0 0 8
4 .1 3 4 .1 3 9 .1 2 2 .1 3 9 .189 .128 .132 -  .0 0 1 + .0 0 6 -  .013 -  .0 0 5 -  .0 0 3 -  .0 0 1 -  .0 0 3
8 .136 .1 4 4 .1 4 3 .1 4 4 .1 4 2 .137 .1 4 1 -  .0 1 9 + .0 0 7 -  .006 + .0 0 7 -  .0 0 7 -  .0 1 7 -  .006
Superphosphate
0 .1 4 2 .1 2 5 .1 3 0 .1 3 2 + .0 0 5 -  .0 0 7 -  .0 1 1 -  .004
3 .1 4 8 .1 3 4 .1 2 8 .1 3 7 + .0 0 9 + .0 0 5 + .0 1 4 + .0 0 9  ,
6 .128 .1 3 1 .1 2 9 .1 2 9 + .0 0 1 -  .0 0 1 -  .0 1 8 -  .006
Mean .1 3 2 .1 3 7 .1 2 9 .1 2 9 .1 3 0 .1 2 9 .1 3 3 -  .0 0 4 + . 0 0 9 -  .006 + .0 0 5 -  .0 0 1 -  .0 0 5 .0 0 0
S .E . per p lo t. *010 Sig. Diff. C en tra l. 5% *021 1% .031 S .E . per p lo t. *025 Sig. Diff. C en tra l. 5% *046 1% .066
of m eans. M arginal. 5% .010 1% .016 o f m eans. M arginal. 5% ,02o 1% ,L>Ji5
Interactions NP +  #006 + .003 PK + .007 Interactions NPS + *010 NKS + *010 PKS ~  *002NS -  .014 KS -  .010 PS -  .002
KALE. EXPERIMENT. 2 . M ain IT P K E f f e c t s .
% P . LEAF.
R esp o n ses  t o  S a l t ,
A 14 .
S U P E R P H O S P H A T E POTASSIUM  CH LO RID E SU PE R PH O SPH A T E POTASSIUM C H LO R ID E
C W T /A C RE MEAN MEAN
0 3 6 0 w i 3 0 3 6 0 3
<± .0 1 7  }
— .0 1 0
(-  . 0 1 1  >
t  .0 0 6
Ammoninm Sulphate
0 .2 8 3 .2 7 1 .3 2 2 .2 7 2 .3 0 3 .3 0 0 .2 9 2 + .0 3 7 + .0 2 7 + .0 1 0 + .0 2 2 + .0 4 3 + .0 0 8 + .0 2 4
4 .2 8 3 .3 3 1 .3 0 6 .3 0 0 .3 3 3 .2 8 5 .3 0 6 -  .0 0 5 + .0 2 8 + .0 0 8 + .0 3 0 + .0 0 3 -  .0 0 2 + . 0 1 1
8 .3 1 2 .3 2 0 .3 6 5 .3 3 3 .3 3 7 .3 2 6 .3 3 2 + .0 1 0 .0 0 0 +  . 0 1 2 + .0 2 0 + .0 1 5 -  .0 1 3 + .0 0 7
Superphosphate 0 .2 8 2 .2 9 7 .2 9 8 .2 9 2 + .0 0 3 + .025 + .0 1 3 + .0 1 4
3 .3 0 2 .3 1 8 .3 0 1 .3 0 7 + .0 3 0 + .0 4 5 -  .0 2 0 + .0 1 8
6 .3 2 2 .3 5 9 .3 1 2 .3 3 1 + .0 3 8 -  .0 0 8 .0 0 0 + .0 1 0
Mean .2 9 2 .3 0 7 .3 3 1 .3 0 2 .3 2 5 .3 0 4 .3 1 0 + .0 1 4 + .0 1 8 + .0 1 0 + .0 2 4 + .0 2 1 -  .0 0 3 + .0141
S.E. per plot. •0 2 9 sig . Diff. Central. 5% .0 5 9  i% .0 8 9 S.E. per .0 1 9  Sig. Diff. Central. 5% .0 3 6  i% .0 5 2
of means. Marginal. 5% .0 3 5  1% .0 5 2 plot. oi means. Marginal 5% .0 1 9  1% .0 2 8
Interactions NP+ .0 0 7 NK - .0 1 8 PK _ 018 Interactions NPS + NKS -  .0 1 0 PKS - .0 2 3
NS - 017 KS -  . 0 2 T PS - .0 0 4
% P .  SI ‘I M .
S U P E R P H O S P H A T E POTASSIUM  C H LO R ID E SU PE R PH O SPH A T E POTASSIUM  CHLORIDE
C W T /A C R E MEAN
MEAN




1  .0 1 0
< ± .018  )
— .UJ.JL
Ammonium Sulphate
0 .3 4 1 .3 6 5 .3 6 9 .3 3 4 .3 6 0 .3 8 1 .3 5 8 + .0 1 5 .0 0 0 + .0 0 8 + .0 0 2 + .0 2 0 + .0 0 2 + .0 0 8
4 .3 5 0 .3 6 6 .3 7 7 .3 7 2 .3 6 6 .3 5 5 .3  64 + . o 2 3 + .0 0 3 + .0 0 5 + .0 3 3 -  .0 1 5 + .0 1 3 + . 0 1 1
8 .3 3 2 .3 5 9 .3 8 3 .3 6 0 .3 7 0 .3 4 3 .3 5 8 + .0 2 3 -  .0 0 5 + .0 1 8 + .0 0 2 + .0 1 0 + .0 2 5 + .0 1 2
Superphosphate
0 .3 1 6 .3 6 0 .3 4 7 .3 4 1 + .0 0 5 + .0 1 3 + .0 4 3 + .0 2 1
3 .3 6 4 .3 7 0 .3 6 3 .3 6 3 + .0 0 2 + .0 0 3 -  .0 0 7 -  .0 0 1
6 .3 8 8 .3 6 6 .3 7 5 .3 7 6 + .0 3 0 -  .0 0 2 + .0 0 3 + . 0 1 1
Mean ,3 4 1 .3 6 3 .3 7 6 .3 5 6 .3 6 5 .3 5 9 .3 6 0 + .0 2 1 -  .0 0 1 + . 0 1 1 + .0 1 2 + .0 0 5 + .0 1 3 + .0 1 0
S.E. per plot. • 03 0 Sig. Diff. 
of means.
Central. 5% .0 6 0  1% .0 9 1
Marginal. 5% #Q35 l%  .0 5 2












Interactions Np + .0 1 1  nk -  .0 3 2 PK -  .0 2 2 Interactions NPS + .0 0 1  NKS + .0 1 1  PKS -  .0 3 2
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KALE, EXPERIMENT 3 . Main N P E E ffec ts
TOTAL FRESH YIELD, (tons) 1  1 6 .
C W T /A C R E
SUI
0











t  0 . 6 8








8 . 8 8
1 4 . 1 6
1 7 . 4 1
1 3 . 4 8
1 0 . 8 8
1 3 . 8 6
1 5 . 7 9
1 3 . 5 1
8 . 5 6
1 4 . 5 5
1 8 . 3 7
1 3 . 8 2
9 . 6 9
1 4 . 1 7
1 5 . 9 6
1 2 . 5 8
1 3 . 0 5
1 4 . 1 9
1 3 . 2 7
9 . 0 9
1 5 . 1 3
1 7 . 3 7
1 4 . 2 7
1 3 . 5 9
1 3 . 7 0
1 3 . 8 5
9 . 5 7  
1 3 . 2 7  
1 8  . .23
1 3 . 6 1
1 3 . 8 9
1 3 . 5 8
1 3 . 6 9
9 . 4 4
1 4 . 1 9
1 7 . 1 9
1 3 . 4 8
1 3 . 5 1
1 3 . 8 2
1 3 . 6 1
S.E. per plot. 2 . 0 4  Sig. Diff. Central. 5% 4 . 0 8  6 . 1 8
of means. Marginal. 5% ^ ^  ^  ^
Interactions NP + 0 . 6 4  NK + 1 . 2 0  PK -  0 . 7 7
TOTAL DRY MATTE!
C W T /A C R E
SUI
0











t  0 . 0 7 5









1 . 3 5 9
1 . 9 2 7
2 . 2 2 4
1 . 8 3 6
1 . 6 0 3
1 . 9 0 8
2 . 0 1 7
1 . 8 4 3
1 . 3 7 5
2 . 0 8 0
2 . 3 4 0
1 . 9 3 2
1 . 5 1 1
2 . 0 6 1
2 . 0 1 8
1 . 8 0 5
1 . 7 7 5
2 . 0 1 0
1 , 8 6 3
1 . 3 8 9
1 . 9 9 3
2 . 2 0 8
1 . 8 4 5
1 . 8 2 7
1 . 9 1 8
1 . 8 6 3
1 . 4 3 6
1 . 8 6 1
2 . 3 5 5
1 . 8 5 9
1 . 9 2 6
1 . 8 6 7
1 . 8 8 4
1 . 4 4 6
1 . 9 7 2
2 . 1 9 3
1 . 8 3 6
1 . 8 4 3
1 . 9 3 2
















d  1 . 0 0  )
F L  .  J J
+ 2 . 3 1  
+ 0 . 8 5  
+ 0 , 2 3
+ 1 . 1 3
+ 0 . 6 9  
+ 0 . 5 5  
+ 1 . 4 9
+ 0 . 4 5
+ 0 . 8 4  
+ 1 . 8 1  
+ 1 . 3 2
+ 1 . 3 3
+ 0 . 1 6  
+ 1 . 2 7  
+ 1 . 0 4
+ 0 . 2 9  
+ 1 . 1 3  
+ 1 . 0 5
+ 0 . 8 2
+ 1 . 2 7  
+ 2 . 2 0  
+ 1 . 4 8
+ 1 . 7 1
+0 . 8 8  
+ 2 . 3 6
+ 1 . 6 5
+ 1 . 0 3
-  0 . 2 5  
+ 0 . 5 2
+ 1 . 4 0
-  0 . 6 6  
+• 0 . 5 6
+ 0 . 4 3
+ 0 . 8 2  
+ 1 . 0 7  
+ 1 . 0 2
+ 1 . 1 3  
+ 0 . 4 5  
+ 1 . 3 3
+ 0 . 9 7*
S.E. per 1 . 7 9  Sig. Diff. Central. 5% 3 . 2 6  ^  4 . 74- 
plot. of means. Marginal. 5% 1% 2 'JQ
Interactions NPS + 1 . 2 8  NKS — 0 . 7 0  PKS -  0 . 8 0















-  . 0 7 6
(“  . 1 3 2  }
+ . 3 3 3  
+ . 1 3 1  
+ . 0 5 2
+  . 1 7 2
-  . 0 8 5  
+ . 0 6 6  
+ . 1 7 8
+  . 0 5 1
+  . 1 3 1  
+ . 0 8 3  
+ . 0 8 1
+ . 0 9 8
+ . 0 4 1  . 
+ . 1 6 0  
+ . 1 0 7
+ . 1 2 4  
+ . 0 6 4  
+ . 1 1 8
+ . 1 0 2
+ . 2 0 9  
+ . 2 1 6  
+ . 1 5 4
+ . 1 9 8  
+ . 1 5 3
+ . 2 2 8
+  . 1 9 3
+  . 1 2 9  
-  . 1 0 2  
+  . 0 5 1
+  . 1 9 4
-  . 0 6 5
-  . 0 5 1
+  .026
+ .  126 
+ . 0 9 1  
+ . 1 0 6
+ . 1 7 2  
+ . 0 5 1
+ . 0 9 8
+ . 1 0 7 *
S.E. per plot. 0 . 2 2 6  Sig. Diff. Central. 5% 0 . ^ 5 3  1% 0 . 6 8 6  S.E. per p lo t.0  • 2 2 8  Sig. Diff. Central. 5 % . 4 3 0  1%.625
of means. Marginal. 5 % U .2 5 9  q  ^93 of means. Marginal. 5% . 2 4 8  l * . 3 6 l
Interactions N P + 0 .050  NK + 0 .2 0 6  *** -  0 .0 9 9  Interactions KPS + .1 1 6  NKS -  .0 7 4  PKS -  .1 2 0
% N a. LEAF. A 17  #
KALE. EXPERIMENT 3 .______________Main K P K  E ffe c t s .----------------------   Responses to  S a lt .
SUP ERP HO SPH AT E POTASSIUM CHLORIDE SUPERPHOSPHATE
U #
POTASSIUM CHLORIDECWT/ACRE MEAN MEAN
0 3 6 0 1% 3
•V 0 3 6 0 IV4 3
(+ ) “  .0 3 2 £ .0 2 3
.0 5 5 -  .0 3 9
Ammonium Sulphate
0 .1 5 1 .1 5 6 .0 6 8 .1 9 5 .0 9 5 .0 8 2 .1 2 5 + .1 0 6 + .0 7 2 + .0 5 2 + .1 4 6 + .0 5 0 + .0 3 4 + .0 7 6
4 .1 7 1 .3 8 5 .1 9 9 .3 1 9 .3 0 5 .1 3 1 .2 5 2 + .0 5 7 + .0 7 0 + ..108 + .1 0 3 + .0 7 3 + .0 5 8 + .0 7 8
8 .4 3 1 .4 3 5 .4 3 7 .7 8 4 .3 6 0 .1 5 9 .4 3 4 + .0 9 3 + .0 3 2 -  .0 1 3 + .0 5 0 + .0 6 2 .0 0 0 + .0 3 7
Superphosphate 0 .3 9 6 .2 5 2 .1 0 5 .2 5 1 + .1 5 7 + .0 6 0 + .0 3 9 + .0 8 5
3 .5 0 8 .2 9 1 .1 4 4 .3 2 5 + .13.2 + .0 6 2 .0 0 0 + .0 5 8
6 .3 6 3 .3 1 7 .1 2 4 .2 3 5 + .0 3 1 + .0 6 3 +' .0 5 3 + .04-9
Mean .2 5 1 .3 2 5 .2 3 5 .4 3 4 .2 5 3 .1 2 4 .2 7 0 + .0 8 5 + .0 5 8 + .0 4 9 + .1 0 0 + .062 + .0 3 1 + .0 6 4 * '
S.E. per plot. .0 9 6  Sig. Diff. Central. 5% .1 9 0  1% . 288 S.E. per .0 6 8  Sig. Diff. Central. 5% .1 2 7  l% .1 8 5
of means. Marginal. 5% .1 1 0  1% . 168 plot. oi means. Marginal 5 % #q 7 5  1% .1 0 9
Interactions NP + *044 n k - .2 5 6 s PK + • 026 Interactions NPS -  .0 2 6  NKS + .0 3 1 PKS + .0 7 0
NS -  .0 3 9  KS -  .0 6 9 PS - .0 3 6
fo II a . STEM.
SUPERPHOSPHATE POTASSIUM CHLORIDE SUPERPHOSPHATE POTASSIUM CHLORIDE
CWT/ACRE MEAN MEAN
0 3 6 0 1% 3 0 3 6 0 3
4.
(-  .0 4 4  ) “  .0 2 5 (-  .04-9 }
— .U 2o
Ammonium Sulphate q .1 2 1 .1 5 7 .0 7 0 .1 9 9 .0 9 5 .0 5 5 .1 1 6 + .1 0 6 + .0 1 3 + .0 1 3 + .0 9 3  • + .0 1 6 + .0 2 3 + .0 4 4
4 .1 0 7 .2 4 9 .1 2 4 .2 2 0 .1 9 9 .0 9 5 .1 7 1 + .0 3 7 + *108 + .0 7 2 + .0 9 0 + .0 8 7 + .0 5 0 + .0 7 6
8 .4 3 9 .3 5 9 .3 4 8 .7 0 8 .3 3 6 .1 0 1 .3 8 2 + .1 3 0 + .1 2 8 + .0 4 5 + .1 8 3 + .1 1 2 + .0 0 8 + .1 0 1
Superphosphate q .3 4 7 .2 4 2 .0 7 8 .2 2 2 + .1 2 0 + .1 0 1 + .0 4 2 + .0 9 4
3 .4 7 1 .2 3 1 .0 9 7 .2 6 6 + .1 8 2 + .0 6 2 + .0 0 7 + .0 8 3
6 .3 0 9 .1 5 6 .0 7 7 .1 8 1 + .0 4 5 + .052 + .0 3 3 + .0 4 3
Mean .222 .2 6 6 .1 8 1 .3 7 6 .2 1 0 .0 8 4 .2 2 3 + .0 9 4 + .0 8 3
O.+ + .1 2 2 + .0 7 1 + .0 2 7 + .0 7 3 * *
S.E. per plot. # Q76 Sig» Diff» 
of means.
Central. 5% *3-52 \% »230
Marginal. 5% .0 8 6  1% .1 3 1
S.E. per plot. »085 Sig. Diff. Central.
of means. Marginal.
5 % . 160 
5% .091
1% .232 
i% .1 3 3
Interactions N P - .0 2 0 NK - .2 3 2 pK +  .0 1 8 Interactions NPS + *004  NS -  .0 5 7
NKS “
: KS -  .0 9 ?
pks + *°33  
PS -  .0 5 1
j  K. IEAF, 4 18.
KALE. BXPERMSilP 3 ._______ Main I f f  K E ffe c ts .     Responses to  S a lt .
SUP E R P  HO SPH  AT E POTASSIUM  CH LO RID E SU PE R PH O SPH A T E POTASSIUM C H LO RID E
C W T /A C R E MEAN MEAN
0 3 6 0 i% 3 -V* 0 3 6 0 1% 3
(+ . _ ) -  0 . 1 4 (*f ~  )
t o . 11
0 ,2 5 - 0 . 20
Ammonium Sulphate
0 2 .7 3 2 .62 2 .8 1 2 .6 0 2 .6 5 2 .8 9 2 .7 2 + .4 3 -  .5 3 -  .1 2 -  .2 7 -  .2 3 + .2 8 -  .0 7
4 2 .8 8 2 .4 2 2 .7 3 2 .2 8 2 .6 1 3 .1 4 2 .6 8 + .1 8 + .1 2 + .3 8 + .0 5 + .2 5 + .3 8 + .2 3
8 2 .4 0 2 ,4 3 2 .6 9 1 .5 4 2 .5 4 3 .4 4 2 .5 1 + .2 2 + .0 7 + .1 5 + .1 5 + .4 5 -  .1 7 + .14
Superphosphate 0 2 .1 9 2 ,7 1 3 .1 0 2 .6 7 .0 0 + .4 2 + .4 2 + .2 8
3 1 .9 1 2 .5 7 3 .0 0 2 .4 9 -  .0 2 -  .2 0 -  .1 3 -  .1 2
6 2 ,3 3 2 .5 2 3 .3 8 2 .7 4 -  .0 5 + .2 5 + .2 2 + .1 4
Mean 2 .6 7 2 .4 9 2 .7 4 2 .1 4 2 .6 0 3 .1 6 2 .6 3 + .2 8 . -  .1 2 + .1 4 -  .0 2
+ .1 6 + .1 7 + .1 0
S.E. per plot. 0 .4 3  Sig. Diff. Central. 5% 0 .8 7  1 .3 1 S.E. per 0 .3 4  Sig. Diff. Central. 5% 0 .6 6  1 * 0 .9 4
of means. Marginal. 5% 0 .4 8  1% 0 .7 3 plot. ;
of means. Marginal 5% 0 .3 6  1* 0 .5 2
Interactions NP + 0 .1 0  NK +
o■oo•o PK + 0 .0 7 Interactions NPS + 0 . 2 4  NKS -  0 .4 4 PKS - 0 .0 7
NS +  0 . 21  KS + 0 .1 9 PS - 0 .1 4
%  K . STEM.
SU P E R P H O S P H A T E POTASSIUM  C H LO R ID E S U P E R PH O SPH A T E POTASSIUM  CHLORIDE
C W T /A C R E MEAN
MEAN
0 3 6 0 m 3 0 3 6 0 1% 3
4 .
( t  0 .2 0  } “ 0 .1 2 (± 0 .2 3  *
-  0 .1 3
Ammonium Sulphate ^
2 .7 0 2 .8 3 2 .7 9 2 .7 7 2 .8 3 3 .0 6 2 .7 7 + .4 0 + .1 5 + .05 + .1 7 -  .0 8 + .5 2 + .2 0
4 3 .0 5 2 .6 3 3 .0 1 2 .5 6 2 .9 3 3 .2 1 2 ,9 0 -  .1 7 + .1 0 + .5 2 -  .0 8 + .0 2 + .5 2 + .1 5
8 2 .8 5 2 .8 7 2 .8 3 2 .0 7 2 .8 9 3 .5 9 2 .8 5 .0 0 -  .1 0 -  .0 7 -  .0 8 -  .0 2 -  .0 7 -  .06
Superphosphate q
2 .4 9 2 .8 8 3 .2 4 2 .8 7 -  .2 8 + .2 0 + .2 7 + .0 8
3 2 .0 3 3 .0 2 3 .2 8 2 .7 8 + .2 5 -  .2 7 + .1 7 + .0 5
6 2 .5 5 2 .7 5 3 .3 3 2 .8 8 + .0 3 -  .0 7 + .5 3 + .1 7
Mean 2 .8 7 2 .7 8 2.88 2.36 2.88 3.28 2 .8 4 + .0 8 + .05 + .1 7 .0 0 -  .0 3 + .3 2 + .1 0
S.E. per plot. 0 .3 5  Sig. Diff. Central. 5% 0 .7 0  1* 1 .0 5  S.E. per plot. 0 .4 0  Sig. Diff. Central. 5% 0.7 5  1* 1 .0 9
of means. Marginal. 5% 0 .4 2  1% 0 .6 3  of means. Marginal. 5%0 .4 2  1% 0 .6 2
Interactions NP -  0 .05  NK + 0.62 PK + 0.01 Interactions NPS + 0.14  NKS -  0 .17  PKS -  0.02
NS -  0 .26  KS + 0.32 PS + 0.09
% Ga. LEAF. A 19.
KALE. EXPEREiENT 3 . Main N P K E ffe c ts . 1 Responses to  Sa3,t.
SUP E R P  HO SPH  AT E POTASSIUM  CH LO RID E SU PE R PH O SPH A T E POTASSIUM CH LO RID E
C W T /A C R E MEAN MEAN
0 3 6 0 3 0 3 6 0 1 Vi 3
_  U.Up 4" ^
^  0 .08  } (4 14 > -  .08
Ammoninm Sulphate q 2.32 2.29 2.38 2.26 2.37 2.36 2.33 -  .01 -  .19 + .06 + .02 + .17 -  .32 -  .04
4 2.28 2.36 2.40 2.42 2.30 2.33 2.34 -  .11 -  .04 + .09 -  .07 + .09 -  .08 -  .02
8 2.34 2.38 2,21 2.38 2.21 2.34 2.31 + .11 -  .05 -  .08 + .09 + .03 -  .13 -  .01
Superphosphate ® 2.32 2.27 2.35 2.32 + .14 + .13 -  .28 .00
3 2.35 2.36 2.33 2.34 -  .11 + .12 -  .29 -  .09
6 2.39 2.25 2.35 2.33 .00 + .03 +' .04 + .02
2.32 2.34 2.33 2,35 2.29 2.34 2.33 .00 -  .09 + .02 -  .01 + .09 -  .13 -  .02
Mean
S.E. per plot. 0 .14  Sig. Diff. Central. 5% 0 .28  1% 0.42 S.E. per #25 Sig. Diff. Central. 5% .45 1% .66
of means. Marginal. 5% 0 # 1 ?  1% 0.26 plot. of means. Marginal. 5% .26 lx .38
Interactions NP -  0.10 NK _ 0.07 PK -  0.03 Interactions NPS __ 1 3  NKS + ,06 PKS + .23NS + ;03 KS -  .14 PS + .02
t  Ca. STEM.
SU P E R P H O S P H A T E POTASSIUM  CH LO R ID E SU P E R PH O SPH A T E POTASSIUM  CHLORIDE
C W T /A C R E MEAN
MEAN
0 3 6 0 lYi 3
4.
0 3 6 0 3
4
1+ ) -  .027 (4 ) -  .028
-  .047 .049
Ammonium Sulphate
0 .738 .750 .731 .784 .744 .691 .739 -  .030 + .003 -  .042 -  .025 + .045 -  .088 -  .023
4 .755 .833 .843 .823 .825 .783 .810 -  .050 -  .085 + .007 -  .107 + .003 -  .025 -  .043
8 .849 .818 .794 .918 .809 .734 .820 -  .178 -  .022 + .012 -  .003 -  .077 -  .108 -  .063
Superphosphate
.845 .728 .770 .781 -  .130 -  .048 -  .080 -  .086
3 .866 .862 .679 .800 -  .008 -  .003 -  .092 -  .034
6 .822 .788 .759 .790 + .003 + .023 -  .050 -  .008
Mean .781 .800 .790 .842 .793 .736 .790 -  .086 -  .034 -  .008 -  .045 -  .009 -  .074 -  .053*
S.E. per plot. .082 Sig. Diff. Central. 5% .162 1% .246 S.E. per plot. .085 Sig. Diff. Central. 5%.l60 15.232
of means. Marginal. 5% ^ 3  1% of means. Marginal. 5X#091 .133
Interactions NP -  .0 2 4  NK -  .0 4 5  r c  + «006 Interactions NPS + .1 0 1  NKS -  .0 2 1  PKS -  .0 5 1
NS -  .0 4 0  : KS -  .0 2 9  PS + .0 7 8
KALE. EXPERIMENT 3 . Main N P K E ffe c te s .
% Mg.
C W T /A C R E



















































.018 Sig. Diff. of means.
Central.
Marginal.
NP -  .007 NK
5% .035 i% *052 
5% .021 .031
.018 PK + .002
% Mg.
C W T /A C R E
S U P E R P H O S P H A T E  
0  3
POTASSIUM  C H LO RID E 





















































S.E. per plot. .020 Sig. Diff. Gm tnd. 5% -°42 1* « ° 6 3
of means. Marginal. 5% ,024 1% .U j) (
Interactions NP — .016 NK _ .012 *^K + .002
LEAF.








P O T /
0






(-  .016 >
+ .006 






















+ . 009 
+ .010
+ .008
-  .008 













S.E. per .027 Sig. Diff. Central. 5% .052 ^  .076 
plot. of means. Marginal. 5% Q29 ^  0^3
Interactions NPS + .007 NKS +  .003 PKS — .020








P O T ;
0



















-  .036 
+ .005















-  .019 
+ .002
+ .002
-  .0 1 0
-  .005





S.E. per plot. * ^ 3 0  Sig. Diff. Central. 5% *n/K7
of means. Marginal. 5% .0 3 2  1% . 0 4  {
Interactions NPS .004 NKS — .034 PKS — .005
NS -  .001 KS + .027 PS -  .026
KALE. EXPERIMENT 3 . Main H P K  E ffe c ts .
% . P. LEAF.
-------------------- Responses to  S a lt .
A 21.
S U P E R P H O S P H A T E POTASSIUM  C H LO R ID E SUP E R PH O SPH A T  E POTASSIUM CH LO RID E
C W T /A C R E MEAN MEAN
0 3 6 0 Wi 3
+• 0 3 6 0 3
(± .0 0 5  ) -  .0 0 3 (1  .0 0 9  ) t  .0 0 5
Ammonium Sulphate „
F 0 .1 8 9 .1 7 5 .1 7 5 .1 8 4 .1 8 4 .1 7 1 .1 8 0 + .0 0 2 -  .0 0 8 -  .0 1 5 -  .0 0 3 -  .0 3 3 + .0 1 5 -  .0 0 7
4 .1 8 2 .1 5 7 .2 1 4 .1 7 3 .1 6 8 .2 1 3 .1 8 4 -  .0 4 2 -  .0 0 3 -  .0 0 5 -  .0 1 2 -  .0 1 7 -  .0 2 2 -  .0 1 7
8 .1 7 2 .1 6 6 .1 9 4 .1 6 9 .1 8 9 .1 7 3 .1 7 7 -  .0 2 8 + .0 1 5 + .0 1 3 + .0 1 2 -  .0 0 8 -  .0 0 3 .0 0 0
Superphosphate 0 .1 8 2 .1 7 7 .1 8 5 .1 8 1 -  .0 1 3 -  .0 3 8 -  .0 1 7 -  .0 2 3
3 .1 5 9 .1 6 6 .1 7 2 .1 6 6 + .0 1 5 -  .0 1 8 + .0 0 7 + .0 0 1
6 .1 8 5 .1 9 8 .2 0 0 .1 9 4 -  .0 0 5 -  .0 0 2 ' .0 0 0 -  .002
Mean
.1 8 1 .1 6 6 .1 9 4 .1 7 5 .1 8 0 .1 8 6 .1 8 0 -  .0 2 3 + .0 0 1 -  .0 0 2 -  .0 0 1 -  .0 1 9 I • o o vo -  .0 0 8 *
S.E. per plot. .0 0 9  Sig. Diff. Central. 5% .0 1 7  i% .0 2 6 S.E. per .0 1 5  Sig. Diff. Central. 5% .0 2 9  1% .0 4 3
of means. Marginal. 5% # 0 1 0  1% .0 1 6 plot. oi means. Marginal 5% .0 1 6  ** .0 2 4
Interactions NP + _0 1 8 S NK + .0 0 8 PK + .o n 6 Interactions NPS + .0 2 9 *  NKS -  .0 1 2 PKS + .0 0 4NS + .0 0 7  KS -  .0 0 2 PS +
-  -  
.0 2 1
% P. STEM.
SU P E R P H O S P H A T E POTASSIUM  C H LO RID E SU P E R PH O SPH A T E POTASSIUM  CHLORIDE
C W T /A C R E MEAN
MEAN
0 3 6 0 i% 3 0 3 6 0 3
+■ nna OfiAT •UU'7
.0 1 5  > (± . 0 1 1  >
Ammonium Sulphate q .2 0 0 .2 1 9 .2 1 9 .1 9 7 .2 1 8 .2 2 4 .2 1 3 -  .0 2 7 -  .0 2 2 -  .0 4 2 -  .0 3 7 -  .0 2 8 -  .0 2 5 -  .0 3 0
4 .2 0 5 .2 0 3 .2 1 5 .1 9 6 .1 8 3 .2 4 5 .2 0 8 -  .0 2 3 -  .0 0 8 -  .0 1 7 -  .0 1 7 -  .0 1 8 -  .0 1 3 -  .0 1 6
8 .2 1 1 .2 1 3 .2 0 4 .2 0 8 .2 0 8 .2 1 2 .2 1 0 -  .0 1 7 -  .0 3 3 -  .0 0 2 -  .0 1 7 .0 0 0 -  .0 3 5 -  .0 1 7
Superphosphate q .1 9 2 .1 8 8 .2 3 6 .2 0 5 -  .0 1 7 -  .0 1 0 -  .040
!
-  .022 ‘
3 .2 1 1 .2 1 7 .2 0 7 .2 1 2 -  .0 2 8 -  .0 1 7 -  .0 1 8 -  .0 2 1
6 .1 9 7 .2 0 4 .2 3 7 .2 1 3 -  .0 2 5 -  .0 2 0 -  .0 1 5 -  .020 i
.2 0 5 .2 1 2 .2 1 3 .2 0 0
<Ti
OCV• .2 2 7 .2 1 0 -  .0 2 2 -  .0 2 1 -  .0 2 0 -  .0 2 3 L .0 1 6 -  .0 2 4 -  .021**Mean






i% .0 7 9  
1% .0 4 7




5% .036 i% .052 
5% .019 156 .028
Interactions NP -  .018 nk _ #012 PK-  .002 Interactions NPS + .015NS + .013
NKS -  .015
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r—i CV CO H i v o v O Z > t o O ' p
C V O O C V H O C V H
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H  H  H  H  C l  0 2  0 2  0 2  0 2  W  0 2  0 2
KALE. EXPERIMENT 4 . A 23.
T o ta l F resh  Y ie ld , (to n s)
POTASSIUM  CHLORIDE SA LT
C W T ./A C R E 0 l t 3 0 3 6 MEAN





1 4 .7 1
1 5 .9 9
1 0 .5 0
1 4 .4 1
15 .01
1 2 .6 4
1 4 .2 8
1 5 .3 8
9 .88
1 4 .6 6
1 4 .2 8
1 0 .4 8  
14-. 41  
1 5 .6 9
11 .90
1 4 .3 2
1 6 .4 0
1 0 .7 5
1 4 .4 7




1 3 .0 3
1 3 .2 9
1 2 .4 9
12 .61
1 3 .0 3
1 4 .9 5
1 4 .1 7
13.60
1 4 .8 6
1 3 .2 7
1 3 .3 1
1 4 .1 0
Mean 1 3 .2 7 1 3 .3 1 1 4 .1 0 1 2 .9 4 . 3 . 5 3 1 4 .2 1 1 3 .5 6




5% 3 .0 1  4 .5 6  
5% 1 b 7 3  2 ^6 2
Interactions PK - 2 .0 6 PS +0 .0 6 KS + 0 .6 2
T o ta l Dry M atte r. (to n s)
C W T ./A C R E







3 6 MEAN 
*  0.061




1 .1 3 3
1.862
2 .0 5 4
1 .3 3 6
1.861
1 .8 8 5
1 .5 3 7
1 .7 7 2
1 .8 0 1
1 .1 8 3
1 .9 7 4
1 .8 3 5
1 .3 5 9
1 .7 6 7
1 .8 8 7
1 .4 7 4
1 .7 5 4
2 .0 1 8
1 .3 3 5
1 .8 3 2




1 .7 3 3
1 .7 6 5
1 .4 9 4
1 .6 2 3
1 .6 3 7
1 .7 4 4
1 .6 9 4
1 .6 8 0
1 .8 7 1
1 .6 8 3
1 .6 9 4
1 .7 0 3
Mean 1.683 1 .6 9 4 1 .7 0 3 1 .6 6 4 1 .6 6 7 1 .7 4 9 1 .6 9 3
S.E. per plot 0 .1 8 4  Sig. Diff. Central. 5% 0 .3 6 7  1% 0 .5 5 5
of means. Marginal. 5% 0 .2 1 1  ^  0 .3 2 0
Interactions PK -0 .329 ps -  0.054 KS -  0.208
KALE. EXPERIMENT 4> A 24.
% Na. LEAF.
C W T ./A C R E

















































Mean .654 .459 .318 .249 .532 .651 .477






is  .126  1%
Interactions PK + .035 PS + .003 KS _  . 3 5 5 * *
% Na. STEM
C W T ./A C R E


















































Mean .793 .623 .332 .300 .667 .780 .582
S.E. per plot i n o  Sig. Diff. Central. 5% OCH ^  q i /
• 1Q 3  of means. Marginal. 5% < 1%♦ 1.X Q #-L f o
Interactions PK „ #Q25 PS + .079 KS -  .222**
KALE. EXPERIMENT 4 . A 25.
% K. LEAF,











3 6 MEAN 
+ 0.08(± 0. 14 )
0 2.37 3.12 3.00 3.12 2.76 2.62 2.83
3 2.15 2.58 2.62 2.67 2.50 2.18 2.45
6 2.03 2.28 3.42 2.50 2.67 2.57 2.58
0 2.53 2.03 1.98 2.18
l i 2.92 2.83 2.23 2.66
3 2.83 3.05 3.15 3.03
2.18 2.66 3.03 2.76 2.64 2.46 2.62








0 .48  J* 0.73
PK + 0 .38  PS + 0.28
% K. STEM.
0.28 0.42
KS + o #43
C W T ./A C R E







3 6 MEAN 
± 0 *15( i  0 . 27 )
0 4.02 4.73 4.35 4.85 4.32 3.93 4.37Superphosphate ^
3.83 3 .98 4.28 3.92 4.03 4.15 4.03
6 3.25 4.22 4.60 4.22 3.88 3.97 4.02
Potassium chlorid^) 3.73 3.30 4.07 3.70
1# 4.67 4.33 3.93 4.31
3 4.58 4.60 4.05 4.41
Mean 3.70 4.31 4.41 4.33 4.09 4.02 4.14








0.93 ** 1.41 
0.52 l% 0 .79
PK + 0.51  ps + 0.33 ks -  0.43
KALE. EXPERIMENT 4. A 26.
% Ca. LEAF.
POTASSIUM CHLORIDE SALT
CWT./ACRE 0 l # 3 0 3 6 MEAN
(± 0 .1 3  > +  0 .0 7






































Mean 2 .7 3 2 .7 5 2 .4 8 2 .7 0 2 .7 2 2 .5 4 2 .6 5




5% 0 .4 5  
5% 0 .2 4
1% 0 .6 8  
0 . 3 7
Interactions PK + 0 . 0  5 PS -  0 .3 6 KS *  o .0 1










(± 0 .0 7 )







































Mean .9 0 .9 3 .8 8 .9 0 .9 0 .9 2 .9 1
S.E. per plot 0 . 1 2  Sig. Diff. Central. 5% 0 .2 4  0 .3 7
of means. Marginal. 5% q  1% ^  ^
Interactions PK 0 .0 0  PS •- 0 .0 3  KS + 0 . 0 8










3 . 6 ___ MEAN
t  • 0 1 0(± •<*■7 >
0 .147 .157 .142 .159 .126 .161 .148Superphosphate ^ .177 .158 .171 .165 .176 .166 .168
6 .191 .173 .153 .168 .193 .157 .172
Potassium chloride 0 .163 .183 .170 .172
a .169 .133 .185 .162
3 .159 .179 .128 .156
Mean .172 .162 .156 .164 .165 .161 .163
S.E. per plot • 030 Sig. Diff. Central. 5% .059 i% .089
of means Marginal. 5% .035 l% .052
Interactions PK -.017 PS - .0 0 7 KS -  . 019
% Mg. STEM
POTASSIUM CHLORIDE SALT




0 .157 .187 .161 .181 .165 .169 .168
Superphosphate ^ .161 .144 .187 .163 .175 .153 .164
6 .159 .156 .157 .153 .175 .144 .157
Potassium chloride .155 .155 .167 .159
l b .161 .164 .161 .162
3 .181 .187 .137 .168
Mean .159 .162 .168 •166 .168 .155 .163




5% .055 i% .084
5% .031 i% .047
Interactions PK -  .007 ps + .003 KS -  .028
KALE, EXPERIMENT 4. k 28
% P. LEAF
POTASSIUM  CHLORIDE SALT
C W T ./A C R E
0 iJL 3 0 3 6 MEAN
(± .0 1 3  > t  .0 0 7
Superphosphate 0 .1 9 0 .2 1 5 .2 0 8 .2 4 0 .1 9 0 .1 8 3 .2 0 4
3 .2 0 7 .1 9 2 .2 1 0 .1 7 0 .2 2 8 .2 1 0 .2 0 2
6 .2 1 8 .2 2 7 .2 4 0 .2 3 2 .2 2 8 .2 2 5 .2 2 8
Potassium chloride q .1 9 8 .2 0 0 .2 1 7 .2 0 5
1 * .2 2 2 .2 1 0 .2 0 5 .2 1 1
3 .2 2 2 .2 4 0 .1 9 7 .2 1 9
Mean .2 0 5 .2 1 1 .2 1 9 .2 1 4 .2 1 6 .2 0 6 .2 1 2
S.E. per plot *022 Sig. Diff. Central. 5% .0 4 5  \% .0 6 8
of means Marginal. 5% .0 2 4  .0 3 7
Interactions PK + • 0Q2 PS * .0 2 5 KS -  .0 2 2
% P . S T M .
POTASSIUM  CH LO RID E SA L T
C W T ./A C R E
0 i i 3 0 3 6
MEAN
(± .0 2 4  ) ±  .0 1 4
.2 1 7 .2 4 2 .2 1 7 .2 5 8 .2 2 0 .1 9 7 .2 2 5Superphosphate ^
.3 0 8 .2 4 7 .2 8 5 .2 5 5 .2 8 5 .3 0 0 .2 8 0
6 .2 9 0 .2 8 7 .2 8 7 .2 8 5 .2 9 7 .2 8 2 .2 8 8
Potassium chloride Q .2 6 7 .2 7 7 .2 7 2 .2 7 2
i b .2 7 3 .2 4 3 .2 5 8 .2 5 8
3 .2 5 8 .2 8 2 .2 4 8 .2 6 3
Mean .2 7 2 .2 5 8 .2 6 3 .2 6 6 .2 6 7 .2 5 9 .2 6 4
S.E. per plot *0 4 2  Sig. Diff. Central. 5% .1 2 6
of means. Marginal. 5% .0 4 8  1% .0 7 3
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TURNIPS. EXPERIMENT 1 . A 4 4 .
Fresh Y ie ld . Roots, (tons)
POTASSIUM  CHLORIDE SA LT
C W T ./A C R E 0 1 2 0 3 6 MEAN
(± 1 .93  ) + 1 .11
S u p e r p h o s p h a te  ^ 17.68 19.41 19.49 17.26 20.03 19.28 18.863 16.77 19.35 18.04 15.57 17.02 21.57 18.05
6 19.19 18.57 16.59 18.38 17.17 19.01 18.19
P o t a s s i u m  c h lo r id e  Q 17.01 16.33 20.31 17.88
1 17.40 18.49 21.43 19.11
2 16.80 19.39 18.12 18.11
M ea n 17.88 19.11 18.11 17.07 18.07 19.95 18.36
S .E .  p e r  p lo t  3 .34 S ig . D iff . 
o f  m e a n s
C e n t r a l .
M a r g in a l .
5%  6.55
5%  3 ^85 W 10.101% 5 .82
I n t e r a c t i o n s P K  - 2.10 P S -  0.69 K S 0.99
Fresh  Y ield . Tops. (to n s)
POTASSIUM  CH LO RID E SA L T
C W T ./A C R E 0 1 2 0 3 6
MEAN
<± 0 .17 ) ± 0.29
S u p e r p h o s p h a te  0 4.35 3.98 3.75 3.43 4.74 3.92 4.03
3 3.65 3.65 3.39 3.62 3.01 4.07 3.57
6 4.33 3.50 2.95 3.63 4.04 3.11 3.59
P o t a s s i u m  c h l o r id e  q 3.72 4.83 3.78 4.12
1 3.76 3.62 3.72 3.71
2 3.17 3i33 3.59 3.36
M ean 4.12 3.71 3.36 3.56 3.93 3.70 3.73
S.E. per plot 0.50 Sig. Mff. Central. 5% 1 .00  1% 1.52
of means. Marginal. 5% 0 # 5 9  1% 0 # 8 9
Interactions PK -  0 .3 9  PS -  0 .5 0  KS + 0 .1 8
TURNIPS. EXPERIMENT 1 . A 45.
Dry Matter Y ield . Roots, (tons)
POTASSIUM  CHLORIDE SA LT
C W T ./A C R E 0 1 2 0 3 6 MEAN
(± 0.172 ) t  0 .099
Superphosphate 0 1.437 1.662 1.492 1.412 1.662 1.517 1.530
3 1.458 1.688 1.687 1.413 1.418 2.002 1.611
6 1.557 1.493 1.623 1.488 1.550 1.635 1.558
Potassium chloride Q 1.440 1.368 1.643 1.484
1 1.370 1.638 1.835 1.614
2 1.503 1.623 1.675 1.600
- Mean 1.484 1.614 1.600 1.438 1.543 1.718 1.566
Clr . 0.298 S.E. per plot Sig. Diff. Central. 5% 0.595 i% 0.901
of means Marginal. 5% 0.343 1*0.519
Interactions PK + 0.006 PS + 0.021 KS -  0.015
Dry M atter Y ie ld . Tops, (to n s)
POTASSIUM  C H LO R ID E SA L T
C W T ./A C R E
0 1 2 0 3 6 MEAN
(± .035 ) ± *020
Superphosphate 0 .535 .528 .469 * .446 .603 .481 .511
3 .459 .453 .439 .461 .379 .512 .451
6 .551 .426 .401 .471 .519 .389 .461
Potassium chloride q .485 .603 .455 .515
1 .471 .474 .463 .469
2 .419 .427 .463 .437
Mean .515 .469 .437 .459 .501 .460 .474
S.E. per plot .060 Sig. Diff. Central. 5% .120 1* .181
of means. Marginal. 5% > q 6 9  1% ^1 0 5
Interactions PK “  0*042 PS -  0.058 KS + 0.037
TURNIPS. EXPERIMENT 1 . 4  4 6
% Ha. R oots•
POTASSIUM  CHLORIDE SALT
C W T ./A C R E 0 1 2 0 3 6 MEAN
(± .0 1 4  ) t  .0 0 8
Superphosphate 0 .1 4 8 .1 6 3 .1 0 3 .0 8 2 .1 6 3 .1 7 0 .1 3 83 .1 5 4 .0 9 7 .0 6 8 .0 6 1 .1 4 2 .1 1 7 .1 0 6
6 .1 6 5 .1 1 8 .0 5 9 .1 0 8 .1 0 3 .1 3 1 .1 1 4
Potassium chloride Q .1 0 6 .1 6 5 .1 9 7 .1 5 6
1 .1 1 4 .1 3 7 .1 2 8 .126
2 .0 3 2 .1 0 6 .0 9 2 .0 7 7
Mean . 1 5 6 .126 .0 7 7 .0 8 4 .1 3 6 .1 3 9 .1 2 0
S.E. per plot *0 2 4 Sig. Diff. Central. 5% •0 4 8 1% .0 7 3
of means Marginal. 5% .0 2 8 1% .0 4 2
Interactions PK _ .0 3 0 PS -  .0 3 2 KS -  . 015
% Na. Tops*
POTASSIUM  CH LO RID E SA L T
0 1 2 0 3 6
MEAN
C W T ./A C R E + .0 1 0
(+ .0 1 7  )
, _ 0 .2 0 2 .2 1 0 .1 7 9 .126 .2 2 2 .2 4 3 .1 9 7Superphosphate ^
.2 2 7 .1 4 2 .1 2 7 .1 2 5 .1 4 8 .2 2 2 .1 6 5
6 .1 7 7 .1 5 3 .1 2 2 .1 0 5 .1 4 8 .1 9 8 .1 5 1
Potassium chloride 0 .1 4 8 .1 8 5 .2 7 2 .2 0 2
1 .1 3 0 .1 6 8 .2 0 6 .1 6 8
2 .0 7 7 .1 6 5 .1 8 5 .1 4 2
Mean .2 0 2 .1 6 8 .1 4 2 .1 1 9 , .1 7 3 .2 2 1 .1 7 1
S.E. per plot .0 3 0 Sig. Diff. Central # 5% .0 5 9 i% .0 8 9
of means. Marginal. s% #035 1% .0 5 2
interactions PK -  .0 1 6 ps -  .0 3 3 -  .0 0 8
TIMI PS. EXPERIMENT 1 . 4 47
% K. ROOTS.
POTASSIUM  CHLORIDE SALT
CWT./ACRE 0 1 2 0 3 6 MEAN
(±0-13 ) -  0 .0 8
Superphosphate 0 2 .8 8 3 .1 8 3 .30 3 .13 3 .0 8 3 .1 5 3 .12
3 .03 3 .1 5 3 .10 3.03 3 .23 2 .9 8 3 .0 8
6 2.93 3 .0 7 2.95 2.93 2 .82 3 .2 0 2 .9 8
Potassium chloride Q 2.90 2.85 3 .10 2 .9 5
1 3 .25 3 .00 3 .12 3 .12
2 2.95 3 .28 3 .12 3 .12
Mean 2 .95 3 .1 2 3 .12 3.03 3 .0 4 3 .1 1 3 .0 6
S.E. per plot 0 . 23 Sig. Diff. Central. 5% 0 .4 5 i% 0 .6 8
of means Marginal. 5% 0 .2 8 l% 0 .42
Interactions PK - 0 .20 PS + 0 .13 KS -  o .02
% K. TOPS.
POTASSIUM  CH LO RID E SA L T
0 1 2 0 3 6 MEAN
C W T ./A C R E
<± 0 . 30 ) ± 0 .1 7
Superphosphate 0 2 .70 3 .20 2 .98 3 .05 2 .90 2 .93 2 .9 6
J 3 .03 3 .3 3 3.52 3.32 3 .62 2 .95 3 .30
6 2 .78 3 .03 3 .95 2 .87 3 .60 3 .30 3 .25
Potassium chloride q 2 .6 7 3 .05 2 .80 2 .85
1 3 .1 7 3 .18 3 .22 3 .1 9
2 3 .40 3 .8 8 3 .1 7 3 .48
Mean 2 .85 3 .1 9 3 .48 3 .08 3 .3 7 3 .0 6 3 .17













i% 1 .5 7  
i* 0 .8 9
-  0 .1 8
TURNIPS. EXPERIMENT 1 . k  48
% Ca. ROOTS.
POTASSIUM  CHLORIDE SALT
C W T ./A C R E 0 1 2 0 3 6 MEAN
<± .0 4 6  > t  .026
Superphosphate 0 .660 .6 4 7 .6 7 3 .6 6 3 .6 5 7 .660 .660
3 .660 .618 .6 9 3 .6 5 7 .650 .6 6 5 .6 5 7
6 •662 .6 3 7 .6 6 5 .6 7 5 .638 .650 .6 5 4
Potassium chloride q .688 .6 3 7 .6 5 7 .661
1 .6 4 3 .6 2 7 .6 3 2 .6 3 4
2 .6 6 3 .6 8 2 .6 8 7 .6 7 7
Mean .661 .6 3 4 .6 7 7 .6 6 5 .6 4 8 .658 .6 5 7
S.E. per plot *079 Sig. Diff. Central. 5% .159 l% .2 4 1
of means Marginal. 596 .090 l% .1 3 6
Interactions PK - .0 0 5 PS -  . 0 1 1 KS -  .0 2 8
% Ca. TOPS.
POTASSIUM  CHLORIDE SA L T
MEAN
0 1 2 0 3 ... . 6C W T ./A C R E
<± 0. 2 4  ) ±  0 .1 4
Siinpm tinnnK ntR  ^ 2 .5 1 2 .3 1 2 .2 9 2 .3 9 2.29 2 .4 2 2 .3 7uperphosphate 
2 .2 4 2 .21 2 .10 2 .3 4 1 .9 1 2.30 2 .1 8
6 2 .3 3 2 .2 8 2 .4 9 2 .4 9 2 .3 7 2 .2 5 2 .3 7
Potassium chloride Q 2 .4 7 2 .1 4 2 .4 7 2 .36
1 2 .1 4 2 .3 1 2 .3 4 2 .2 7
2 2 .60 2 .11 2 .1 7 2 .2 9
Mean 2 .3 6 2 .2 7 2 .2 9 2 .4 0 2 .1 9 2 .3 3 2 .3 1
S.E. per plot 0  • Sie. Diff. Central. s% 0 .8 3 1% 1 .2 5
of means Marginal. 5% 0 .4 8 1% 0 .7 3
Interactions PK + 0 .1 9 PS -  0.13 KS _  0 .22
TURNIPS. EXPERIMENT 1 . A. 49
% M g. ROOTS.
POTASSIUM  CHLORIDE SALT
C W T ./A C R E 0 1 2 0 3 6 MEAN
(± - ° ° 5  >
0^Oo.
+1
' Superphosphate ^ . 1 1 1 .105 .108 . 1 1 1 .106 .107 .108
3 .103 .101 .101 .101 .103 .101 .101
6 .101 .105 .092 .105 .101 .092 .099
Potassium chloride 0 .108 .107 .101 .105
1 .108 .105 .097 .103
2 .101 .102 .101 .100
Mean .105
oi—i • .100 .106 .103 .100 .103
S.E. per plot .  008 Sig. Diff. Central. 5%  .016 1% .024
of means Marginal. 5% .009 l% .014
Interactions PK
oo. PS -  .007 KS + .004
% Mg. TOPS.
POTASSIUM  CH LO RID E SA L T
MEAN
C W T ./A C R E 0 1 2 0 3 6
(± .015 > ± .009
Superphosphate 0 .203 .214 .189 .214 .193 .200 .202
3 .211 .209 .203 .213 . .196 .213 .207
6 .202 .208 .203 .206 .207 .200 .204
Potassium chloride q .223 .182 .211 .205
1 x.213 .217 .201 .210
2 .197 .196 .201 .196
Mean .205 .210 .196 .211 .196 .204 .204
S.E. per plot .0 2 6  Sig. Diff. Central. 5% .0 5 2  1% .0 7 9
of means. Marginal. 5% .0 3 1  «  .0 4 7
Interactions PK + .007 ps + .004 KS + .008
TURNIPS. EXPERIMENT 1 . A 50,
% P .  ROOTS.
POTASSIUM CHLORIDE SALT
CWT./ACRE 0 1 2 0 3 6 MEAN









































Mean .309 .285 .276 .274 .298 .298 .291








Interactions PK _ .053* PS _ .003 KS + .009
















































Mean .137 .172 .179 .165 .162 .161 .163
S.E. per plot .0 3 4  Sig. Diff. Central. 5% .0 6 9  .1 0 5
of means. Marginal. 5% .038 .058
interactions PK + * 0 2 7  PS + .0 1 8  KS "t .0 0 1
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TURNIPS. EXPERIMENT 2 A 52.
















































17 .61  
18 .07
Mean 17 .60 1 7 .61 18 .07 16 .61 17 .79 18.83 17 .76




5% 7 .02  
5% 4 .0 4
1% 10 .63  
w  6 .15
Interactions PK * 0 . 4 8 PS + 1 .65 KS -  1 .92


















































Mean 3 .1 8 2 .8 6 2 .8 4 2 .96 2 .91 3 .0 2 2 .96




pk -  0 .39
Central.
Marginal.
p s  + 0 . 6 6
5%
5% 1 .0 7  i% 1.62  
KS o.OO
TURNIPS. EXPERIMENT 2. A 53.
Dry Matter Y ie ld s . Roots, (tons)
POTASSIUM  CHLORIDE SALT
C W T ./A C R E 0 1 2 0 3 6 MEAN
<± 0.171 ) t  0.098
' Superphosphate 0 1 . 1 1 1 1.345 1.177 1.175 1.351 1.107 1.211
3 1.688 1.597 1.679 1.475 1.521 1.968 1.655
6 1.789 1.773 1.844 1 . 8 i | 1.723 1.871 1.802
Potassium chloride Q 1.373 1.497 1.718 1.530
1 1.458 1.647 1.609 1.572
2 1.630 1.450 1.619 1.557
Mean 1.530 1.572 1.567 1.487 1.531 1.649 1.556
S.E. per plot 0*295 Sig. Diff. Central. 5% 0.592 19&0.896
of means Marginal. 5% 0.339 1*0.513
Interactions PK "  0.005 ps +0.063 KS -  0.028
Dry M atter Y ields . Tops . (to n s)
POTASSIUM  CHLORIDE SA L T
C W T ./A C R E
0 1 2 0 3 6 MEAN
(± .060 ) ± .031
.246 .293 .277 .316 .278 .221 .272
3 .353 .324 .333 .315 .285 .410 .337
6 .416 .351 .334 .325 .316 .335 .367
Potassium chloride 0 .347 .315 .353 .339
1 .309 .336 .322 .323
2 .319 .295 .329 .314
Mean .339 .323 .314 .325 .316 .335
CM.
S.E. per plot .1 0 3  Sig. Diff. Central. 5% #2Qg J* .3 1 4
of means. Marginal. 5% 1%
Interactions PK -  .0 5 7  PS + .0 5 2  KS -  .0 0 2
TURNIPS. EXPERIMENT 2 . A 5 4 .
% Na. ROOTS.
POTASSIUM  CHLORIDE SALT
C W T ./A C R E
0 1 2 0 3 6 MEAN
(± -0 1 7  ) t  .0 1 0
Superphosphate ^ .1 4 2 .1 4 2 .1 3 8 .0 9 7 .1 5 0 .1 7 5 .1 4 1
3 .1 8 5 .1 5 8 .1 4 5 .0 9 8 .1 5 0 .1 8 0 .1 4 3
6 .1 6 5 .1 5 8 .1 4 5 .0 8 5 .1 6 1 .2 2 2 .1 5 6
Potassium c h l o r i d e  0 .1 2 2 .1 6 8 .2 0 5 .1 6 5
1 .0 8 2 .1 6 0 .1 8 2 .1 4 1
2 .0 7 7 .1 3 3 .190 .1 3 3
Mean .1 6 5 .1 4 1 .1 3 3 .0 9 3 .1 5 4 .1 9 2 .1 4 6
S.E. per plot • 0 3 0 Sig. Diff. Central. 5% .0 5 8 1% .0 8 9
of means Marginal. 5% # 0 3 5 l% .0 5 2
Interactions PK - .0 0 8 PS + .0 2 9 KS + . 0 1 5
% N a . T O E S .
POTASSIUM  CHLORIDE SA LT
0 1 2 0 3 6 MEAN
(± .0 3 4  > ±  .0 2 0
Superphosphate 0 .2 9 0 .3 9 8 .3 0 3 .2 2 5 .3 1 5 .4 5 2 .3 3 1
3 .3 5 7 .2 7 0 .2 9 3 .1 7 0 .2 8 7 .4 6 3 .3 0 7
6 .4 5 3 .3 7 3 .2 5 3 .2 0 8 .2 8 7 .5 8 3 .3 5 9
Potassium chloride q .2 2 0 .3 0 2 .5 7 8 .3 6 7
1 .2 3 0 .3 6 8 .4 4 3 .3 4 6
2 .1 5 3 .2 1 8 .4 7 7 .2 8 3
Mean .3 6 7 .3 4 7 .2 8 3 .2 0 1 .2 9 6 .4 9 9 .3 3 2
S.E. per plot .0 6 0  Sig. Diff. Central. 5% .1 1 7  1% .1 7 8
of means. Marginal. 5% .0 6 9  .1 0 5
Interactions PK _  .1 0 7  PS + .0 7 4  KS -  .0 1 7
TURNIPS. EXPERIMENT 2, A 55.
% K. ROOTS.
C W T ./A C R E















































Mean 2.57 2.58 2.65 2.52 2.48 2.79 2.60





5% 0#42 1% 1.10 l% 0.63
Interactions PK -  0 .27 PS + 0 . 5 0 KS -  0 .07
dr- K. TOPS








W^ 1 (/ AUKJ£








































Mean 3.18 3 .35 3.55 3.26 3.43 3.39 3.36










1% 1 .31  
i% 0.73
KS _ o .47
TURNIPS. EXPERIMENT 2 A 56
% Ca. ROOTS.
POTASSIUM CHLORIDE SALT
CWT./ACRE 0 1 2 0 3 6 MEAN
<± .032 ) t  .018
Superphosphate 0 .360 .382 .348 .332 .387 .372 .363
3 .382 .425 .393 .370 .403 .427 .400
6 .433 .423 .427 .392 .430 .462 .428
Potassium chloride q .360 .398 .417 .392
1 .368 .430 .432 .410
2 .365 .392 .412 .388
Mean .392 .410 .388 .364 .407 .420 .397
S.E. per plot * 0 5 5 Sig. Diff. Central. 5% .111 1% .168
of means Marginal. 5% .063 1% .094
Interactions PK + • 003 PS *  .015 k»*.0(P5
&
/ ° Ca. TOPS.
POTASSIUM CHLORIDE SALT
CWT./ACRE 0 1 2 0 3 6
MEAN
(± 0 .0 6  ) + 0 .0 4
Superphosphate ^ 2 .02 2 .09 1 .91 2 .01 1 .9 4 2 .0 7 2 .0 1P P P 3 1 .9 8 1 .8 9 1 .87 1 .91 1 .98 1 .82 1 .92
6 2 .33 1 .9 5 2 .13 2 .35 2 .0 7 2 .0 0 2 .1 4
Potassium chlorideO 2 .24 2 .1 7 1 .93 2 .1 1
1 2 .01 1 .9 5 1 .9 8 1 .98
2 2.03 1 .86 2 .03 1 .9 7
Mean 2 .1 1 1 .9 8 1 .9 7 2 .09 2 .00 1 .9 7 2 .02
S.E. per plot 0 . 1 1 Sig. Diff. Central 2  ° - 2 1 \ l  °*32
of means. Marginal* 5% 0 .12 “  0 .1 8
Interactions PK - 0 .04 PS -- 0 .20 KS + 0 .15
TURNIPS. EXPEPJj'lEWT 2 . A 5 7 .
% Mg# R o o t s .
POTASSIUM  CHLORIDE SALT
CW T ./A G R E
0 1 2 0 3 6 MEAN
.003 > -  .002
' Superphosphate 0 .087 .077 .078 .083 .073 .087 .081
3 .083 .091 .086 .094 .085 .081 .087
6 .079 .075 .079 .074 .088 .071 .078
Potassium chloride 0 .086 .076 .087 .083
1 .084 .083 .076 .081
2 .081 .087 .076 .081
Mean .083 .081 .081 .084 .082 .080 .082
S.E. per plot .005 Sig. Diff. Central. 5% .010 i* .015
of means Marginal. 5% .007 l% .010
Interactions PK + .004 PS + .002 KS + .003
<s?/° Mg. Tops.
POTASSIUM  CHLORIDE SA L T
MEAN
C W T ./A C R E
0 1 2 0 3 6
(± .019 > ± .011
Superphosphate 0 .203 .223 .211 .207 .209 .220 .212
3 .242 .157 .195 .182 .223 .192 .199
6 .222 .208 .213 .221 .205 .217 .214
Potassium chlorideg .211 .219 .237 .222
1 .195 .215 .178 .196
2 .204 .204 .213 .207
Mean .222 .196 .207 .203 .212 .210 .208
S.E. per plot .033 Sig. Diff. Central. 5% .066 1% .099
of means. Marginal. 5% .Q38 l% .058
Interactions PK „  .0 0 8  PS -  .0 0 8  KS -  .0 0 8
TURNI PS. EXPERIi-lEi'JT 2.
% P. ROOTS.
A 53.
POTASSIUM  CHLORIDE SALT
C W T ./A C R E 0 1 2 0 3 6 MEAN









































Mean .179 .154 .140 .140 .154 .178 .157








Interactions PK .000 PS + .013 ks + .023
/° P . TOPS.

















































Mean .139 .140 .126 .118 .138 .148 .135
S.E. per plot .025 Sig. Diff. Central. 5% ,048 1% .073
of means. Marginal. .027 .041
Interactions PK - . 0 i 8  PS + » 0 0 4  KS "  • 0 0 4
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GRASS. EXPERIMENT 1 . 4 .  7 3 .
DRY MATTER YIELD. CUT /  ACRE. % DRY MATTER+
T o ta l Grass C lover Grass C lover
B C B C B C B C B C
1 N E S 24.9 1 9 .T 23.1 18.1 1 .8 1.2- 14.4 25.0 10.3 17.6  I
2 I'! 26.1 20.4 21.7 17.5 4 .4 2 .9 15.9 24.1 11.8 17.1 j
3 K 15.1 13.4 10.0 8 .9 5.1 4 .5 19.3 22.4 12.0 17.1 |
4 P E S 15.6 15.4 8 .2 8 .7 7 .4 6 .7 18.8 22.4 11.7 15.5 !
5 N P S 22.2 21.5 19.0 18.5 3 .2 3 .0 13.6 25.0 10.6 17.5 1
6 N P K 24.7 22.5 17.7 14.8 7 .0 7 .7 14.9 21.7 10.3 15.6  ;
7 a 9 .8 18.3 5.6 11.9 4 .2 6 .4 17.6 23.6 12.1 15.8 ;
8 p 17.2 17.6 9 .6 10.2 7 .6 7 .4 18.4 21.8 12,2 15.7
9 K S 10.5 17.9 8 .3 10.4 2.2 7 .5 20.7 24.8 113.7 17.4 :
10 N E 25.5 26.8 18.8 21.8 6 .7 5.0 15.4 24.7 10.6 17.0 :
11 N S 1 27.2 19.9 25.7 17.3 1.5 2 .6 15.0 26.7 10.3 19.5 j
12 N P 25.5 25.6 20.0 19.1 5.5 A K 3.6.5 26.5 11.8 19.6 5
13 14.8 21.4 ! 5.9 12.4 8.9 9 .0 18.9 25.3 12.2 17.4  ■
14 N P E S 25.3 24.1 | 22.0 20.7 3.3 3 .4 14.4 25.3 10.8 18.4
15 P K 16.3 24.6  | 10.0 14.4 6.3 10.2 19.0 23.7 11.8 16.4
16 P S 18.6 21.0 10.8 10.4 7 .8 10.6 19.4 23.0 12.7 17.2 ;
17 P E S 12.4 21.1 ! 9 .9 10.0 2.5 11.1 20.9 24.6 13.5 16.9 !
18 N E S 26.6 24.0 i 23.2 19.5 3 .4 4 .5 15.5 24.6 11.2 16.1 |
19 K 14.9 22.7  ! 8 .7 7 .4 6.2 15.3 20.4 23.3 12.8 16.6  j
20 N 30.1 24.9 27.2 19.2 2 .9 5 .7 16.9 24.6 12.6 16.9 1
21 N P S 26.6 17.6 23.9 14.5 1 .6 3 .1 13.5 26.3 11.7 18.7 !
22 P 18.2 31.0 j 8 .5 10.0 9 .7 21.0 19.3 21.1 11.6 16.8
23 N P K 28.8 28.1 i 24.0 19.0 4 .8 9 .1 16.7 23.7 11.0 17.0
24 S 20.0 29.6 | 10 .4 10.4 9 .6 19.2 17 .4 20.8 111.5 15.3 |
25 P S 16.9 31.8 12.1 18.8 4 .8 13.0 17.6 26.8 11.1 1 7 .7
26 N K 29.2 27.3 26.1 18.7 3 .1 8 .6 14.0 22.1 10.1 15.4 |
27 N P 35.9 26.8  • 32.5 22.3 3 .4 4 .5 17.0 25.9 11.6 18.9  1
28 K S 12 .7 19.2  : 10.9 10.5 1 .8 8 .7 21.6 25.4 14.1 17.9
29 N P E S 34.3 22.8 32.6 20.1 1 ,7 2.7 16.5 26.2 ]10.0 17.1
30 - 19.3 25.9 9 .7 9 .9 9 .6 16.0 18.0 23.1 j 11.8 16.2
31 P K 21.2 26.9 * 10.8 12.8 110.4 14.1 17.8 22.0 j l l . 4 15.9
32 K S 32.6 27.8 ; 24.1 21 .7 ; 8 .5 6 .1 16 .4 25.0 11.2 17.4
A dditional P lo t s .
33 N2 S2 29.7 30.8  | 29.6 29.7 0 .1 1 .1 13.5 18.8 10.6 14.3
34 S2 11.8 13.9 i 10.2 11.0 1 .6 2 .9 18.0 24.4 13.2 17.2
35 K2 S2 11.5 n . 4  i 11.0 9 .6 0 .5 1 .8 19.7 24.8 13.0 17.8
36 N2 34.2 26.5 : 3211 21.4 2 .1 5.1 14.0 17.8 10.7 14.5
37 E2 19.9 22.6 13.7 14.0 6.2 8 .6 19.6 24.6 12.5 17.0
38 N2 K2 S2 30.1 34.0 30.1 32.6 .02 1 4 14.2 18.0 10.4 16.2
39 N2 K2 41.7 34.5 38.2 31.5 3 .5 3 .0 14.5 18.2 10.6 16.0
40 - 24.6 22.7 * 12.7 12.5 11.9 9 .9 18.3 24.7 12.8 17 .4
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GRASS, EXPERIMENT 3 D ifferen tia l Responses. T ota l Dry Matter Y ie ld , (cwt) L  9 8 .
CWT./ACRE
MEAN SODIUM MAGNESIUM NITROGEN PHOSPHORUS POTASSIUM
RESPONSE
+ ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
A. -  1 . 8 6 . . -  1 . 4 8 -  2 . 2 4 -  2 . 0 9 -  1 . 6 5 -  2 . 3 1 -  1 . 4 1 -  0 . 9 6 -  2 . 7 6
B. -  0 . 1 6 - - -  0 . 4 7 + 0 . 1 5 -  0 . 1 0 -  0 . 2 2 +  0 . 3 3 -  0 . 6 5 -  0 . 2 7 -  0 . 0 5
Salt
4 . c . -  0 . 2 7 - - -  0 . 3 9 -  0 . 1 5 -  0 . 2 4 -  0 . 3 0 -  0 . 3 3 -  0 . 2 1 + 0 . 4 5 -  0 . 9 9
D . -  0 . 1 3 •“ — + o . 2 4 -  0 . 5 0 -  0 . 3 4 + 0 . 0 8 -  0 . 0 9 -  0 . 1 7 + 0 . 5 3 -  0 . 7 9
A. -  0 . 8 2 -  0 . 4 4 -  1 . 2 0 + 0 . 1 1 -  1 . 7 5 + 0 . 0 8 -  1 . 7 2 -  0 . 2 4 -  1 . 4 0
B. + 0 . 1 9 -  0 . 1 2 + 0 . 5 0 — — + 0 . 4 3 -  0 . 0 £ + 1 . 0 6 -  0 . 6 8 -  0 . 8 1 + 1 . 1 9
Magnesium Sulphate 2 .
C .
D .
+ 0 . 6 7  
+ 0 . 0 7
+ 0 . 5 5  
+ 0 . 4 4
+ 0 . 7 9  
-  0 . 3 0 - -
+ 0 . 8 4  
+ 0 . 0 4
+ 0 . 5 0  
+ 0 . 1 0
+ 0 . 5 8  
+ 0 . 4 1
+ 0 . 7 6
-  0 . 2 7
+ 1 . 0 5  
+ 0 . 2 5
+ 0 . 2 9  
-  0 . 1 1
Ammonium Sulphate ^ + 3  +  3  +
A.
B.
3 ° -  D .
+ 1 2 . 9 4 * *  
+ 4 . 6 9 * *  
+ 6 . 9 6 * *  
+ 3 . 0 6 “
+ 1 2 . 7 3 * *  
+ 4 . 7 5 * *
. ,  qqK3€ 
*
+ 2 . 7 9
+ 1 3 . 1 5 * *  
+ 4 . 6 3  
+ 6 . 9 3 * *  
+ 3 . 2 1 * *
+ 1 3 . 8 7 * *  
+ 4 . 7 4 * *  
+ 7 . 1 3 * *  
+ 2 . 9 7 * *
+ 1 2 . 0 1 * *lear
+ 4 . 6 4  
+ 6 . 7 9 * *  
+ 3 . 0 3 * *
-
-
+ 1 2 . 5 3 * *  
+ 5 . 0 2 * *
+  6 - 8 C  
+ 3 . 0 2
+ 1 3 . 3 5 * *
+ 4 . 3 6
+ 7 - 1 2 ^  
+ 2 . 9 8
+ 1 3 . 8 0 * *  
+ 4 . 1 5 * *  
+ 6 . 9 3 * *  
+ 2 . 9 8 * *
+ 1 2 .0 8 * *  
+ 5 . 2 3 * *  
+ 7 . 0 1 * *  
+ 3 . 0 2
A. + 1 . 5 9 + 0 . 9 7 + 2 . 2 3 + 2 . 5 0 + 0 . 7 0 + 1 . 1 9 + 2 . 0 1 + 0 . 7 0 + 2 . 5 0
B. -  0 . 1 5 + 0 . 3 4 -  0 . 6 4 + 0 . 7 2 -  1 . 0 2 + 0 . 1 6 -  0 . 4 8 — — -  0 . 0 2 -  0 . 2 8
Superphosphate 3 .
C . + 0 . 5 8 + 0 . 5 2 + 0 . 6 4 + 0 . 4 9 + 0 . 6 7 + 0 . 4 4 + 0 . 7 2 — — + 1 . 0 9 + 0 . 0 7
' D . + 0 . 0 9 + 0 . 1 3 +  0 . 0 5 + 0 . 4 3 -  0 . 2 5 + 0 . 1 1 + 0 . 0 3 — •* -  0 . 0 5 + 0 . 2 3
A. + 0 . 0 2 + 0 . $ 2 -  0 . 8 8 + 0 . 6 0 -  0 . 5 6 + 0 . 8 8 -  0 . 8 6 -  0 . 8 8 + 0 . 9 2
B. -  0 . 2 8 -  0 . 3 9 -  0 . 1 7 -  1 . 2 8 + 0 . 7 2 -  0 . 8 2 + 0 . 2 6 -  0 . 1 5 -  0 . 4 1 — —
Potassium Chloride 2 .
C .
D .
+ 0 . 9 0  
+ 0 . 7 1 *
+ 1 . 6 2  
+ 1 . 3 7 * *
+ 0 . 1 8  
+ 0 . 0 5
+ 1 . 2 8  
+ 0 . 8 9 *
+ 0 . 5 2  
+ 0 . 5 3
+ 0 . 8 6
+ 0 . 6 9
+ 0 . 9 4  
+ 0 . 7 3 *
+ 1 . 4 1  
+ 0 . 5 6
+ 0 . 3 9  
+ 0 . 8 6 - -




Response SM SN MN SP MP NP SK MK NK PK
A . 3 2 . 1 5 3 . 4 2 1 . 7 1 1 . 2 1 -  0 . 3 8 + 0 . 2 1 -  0 . 9 3 + 0 . 6 3 -  0 . 9 1 + 0 . 4 1 -  0 . 8 9 -  0 . 5 8 -  0 . 8 7 + 0 . 9 1
B. 1 2 . 5 0 1 . 5 0 0 . 7 5 0 . 5 3 + 0 . 3 1 -  0 . 0 6 «  0 . 0 5 -  0 . 4 8 -  0 . 8 7 -  0 . 3 3 + 0 . 1 1 + 1 . 0 0 + 0 . 5 4 -  0 . 1 3
c . 1 4 . 0 4 1 . 8 4 0 . 9 2 0 . 6 5 + 0 . 1 2 -  0 . 0 3 -  0 . 1 7 + 0 . 0 6 + 0 . 0 9 + 0 . 1 4 + 0 . 7 2 -  0 . 3 8 + 0 . 0 4 -  0 . 5 1
D . 6 . 0 9 0 . 7 1 0 . 3 6 0 . 2 5 -  0 . 3 7 + 0 . 2 1 + 0 . 0 3 -  0 . 0 4 -  0 . 3 4 -  0 . 0 2 -  0 . 6 6 * -  0 . 1 8 + 0 . 0 2 + 0 . 1 4






9I1. \ CWt y f ...
PHOSPHORUS POTASSIUM
RESPONSE






-  1 .1 6  
-  0 .0 1  
-  0 .1 6  
-  0 .0 9
-
-
-  1 .0 4
-  0 .35
-  0.22  
+ 0.18
-  1 .2 8  
+ 0 .33
-  0 .10  
-  0 .36
-  0 .83
-  0 .0 4
-  0 .3 2
-  0 .29
<
-  1 .4 9  
+ 0 .0 2
.00  
+ 0 .0 1
-  1 .70  
+ 0 .0 5
-  0 .4 7
-  0 .01
-  0 .6 2
-  0 .0 7  
+ 0 .1 5
-  0 .1 7
-  0 .50  
-  0 .1 5  
+ 0 .82  
+ 0 .63
-  1 .82  
+ 0 .13
-  1 .1 4
-  0 .81*





-  0 .7 6
-  0 .1 9  
+ 0 .46  
+ 0 .0 8
-  0 .6 4
-  0 .5 3  
+ 0 .4 0  
+ 0 .3 5
-  0 .88  
+ 0 .15  
+ 0 .5 2  
-  0 .1 9
- -
+ 0 .2 7  
-  0 .0 4  
+ 0 .50  
+ 0 .11
-  1 .7 9
-  0 .3 4  
+ 0 .4 2  
+ 0 .0 5
+ 0 .2 2  
-  0 .1 0  
+ 0 .1 0  
+ 0 .4 6
-  1 .7 4
-  0 .2 8  
+ 0 .8 2  
-  0 .30
-  0 .13
-  1 .05  
+ 0 .7 6  
+ 0 .2 2
-  1 .39  
+ 0 .6 7  
+ 0 .16
-  0 .06





+ 15 .OS3*  
+ 9 .1 7 s35 
+11.86**  
+ 4 .0 8 s *
ine
+15.41  
+ 9 .14**  
+11.70**  
+ 3 .8 8
+14.75SS 




+ 9 *3C  +11.90
+ 4 .11
+14.05** 












+ 9 ‘ 13^  
+11.91
+ 3 .96
+ !4 .8 9^  








+ 1 .36  
-  0 .0 9  
+ 0 .6 6  
+ 0.0®
+ 0 .8 2  
-  0 .03  
+ 0 .3 5  
+ 0 .1 5
+ 1 .90
-  0 .15  
+ 0 .9 7
-  0 .0 1
+ 2.34  
.00 
+ 0.30  
+ 0 .45
+ 0 .3 8  
-  0 .1 8  
+ 1 .02  
-  0 .3 1
+ 1 .05  
+ 0 .4 4  
+ 0 .4 7  
+ 0 .09
+ 1 .6 7  
-  0 .6 2  
+ 0 .85  
+ 0 .0 5 -
-
+ 0 .43  
-  0 .1 7  
+ 1 .1 6
.000
+ 2 .29  
-  0 .0 1  
+ 0 .1 6  
+ 0 .1 4





-  0 ,1 4
-  0 .0 4  
+ 0*73 
+ 0 .5 1
+ 0 .5 2  
-  0 .1 8  
+ 1 .7 1  
+ 1 .2 3 *
-  0 .8 0  
+ 0 .10
-  0 .2 5
-  0 .21
+ 0 .49  
-  0 .90  
+ 1 .03  
+ 0.65
-  0 .7 7  
+ 0 .8 2  
+ 0 .4 3  
+ 0 ,3 7
+ 1 .0 5  
-  0 .0 8  
+ 0 .78  
+ 0 .39
-  1 .33  
.00  
+ 0 .6 8  
+ 0 .63
-  1 .0 7
-  0 .12  
+ 1 .23  
+ 0 .4 3
+ 0 .7 9  
+ 0 .0 4  
+ 0 .23  
+ 0 .5 8
- -

























-  0 .1 2  
+ 0 .3 4  
+ 0 .0 6
•i- a ,  27
-  0 .33  
+ 0 .03  
+ 0 .16
+-Q.*2ti3
-  1 .03
-  0 .15
-  0 .0 4
-* 0 .03
+ 0 .5 4  
-  0 .0 6  
+ 0 .3 1  
•*»' 0 .0 8
-  0 .98  
-  0 .0 °  
* O'.36 
-r tf. *38’
+ 0 .3 1  
-  0 .53  
+ 0*1-9 
-r 0 .02-
-  0 .6 6  
+ 0 .1 4  
'+• 0*98 
-* 0 .7 2 *
-  0 .63  
+ 0 .86  
t. o*3o
-  1 .19  
+ 0 .0 4  
+ 0*09 
+ 0 .1 2
+ 0 .93  
+ 0 .08  
-  0 .50  
+ 0 .0 7
GRASS. EXPERIMENT 3 .
a. l e o




SOE1UM magnesium NITROGEN PHOSPHORUS POTASSIUM
ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
A. _ 0 .7 0 _ mm 0.44 0 .9 6 1 .26* 0 .1 6 0 .6 1 -  0 .79 0 .4 6 -  0 .9 4
Qq j * Jk B. - 0 .1 5 - - - 0 .12 —0 .1 8 —0.0 6 —0 .2 4 + 0 .2 8 -  0 .5 8 —0.1 2 -  0 .18uaU ^ C • —0 .1 1 - - - 0 .17 - 0 .0 5 + 0 .0 8 —0.3 0 + 0 .1 5 -  0 .3 7 —0.3 7 + 0 .15
D. 0 .0 4 + 0.06 - 0 .1 4 - 0 .05 - 0 .0 3 - 0 .0 8 .00 “ 0 .1 0 + 0 .0 2
A. - 0 .0 6 + 0 .2 0 _ 0 .3 2 mm 0 .1 6 + 0 .0 4 0 .1 4 + 0 .02 e> 0 .1 1 -  0 .01
B. + 0 .3 8 + 0 .4 1 + 0 .3 5 - — + 0 .4 7 + 0 .2 9 + 1 .1 6 * -  0 .40 + 0 .2 4 + 0 .5 2
Magnesium Sulphate 2 . C • + 0 .2 1 0 .1 5 + 0 .27 - - + 0 .3 4 + 0 .0 8 0 .48 -  0 .06 + 0 .2 9 + 0 .13
D. 0 .0 1 + 0 .0 9 0 .1 1 — —0 .0 7 + 0 .0 5 - 0 .0 5 + 0 .03 + 0 .03 -  0 .05
A. 2 .14** 2 . 68** 1 .6 0 s® .2.24**
use
2 .0 4 2.24** -  2 .04** 2 .47** -  1 .81**
B. - 4 .48** — 4.39** — 4 .5 7 !? _ 4.58** 4.3  a 3 ® • ^ 4.68** -  4 .28** 4.98** -  3 .98**
Ammonium Sulphate3 + 3 + 3 + 3 c . - 4 .89**acas - 4 .70**‘acaz - 5.08** — 4.76** —5.02** — mm —4.85** " 4 .93** 4 .98 -  4 .80**D. 1 .0 8 1 .0 9 1 .07** 1.14** 1 .02** — — —1.08** -  1 .08 —0.98**
icu 
-  1 .18**
A. + 0 .2 4 + 0 .1 5 + 0 .33 + 0 .1 6 + 0 .3 2 + 0 .1 4 + 0 .3 4 + 0 .2 7 + 0 .21
B. - 0 .0 6 + 0 .3 7 - 0 .4 9 + 0 .72 - 0 .8 4 - 0 .26 + 0 .1 4 — + 0.15 -  0 .27
Superphosphate 3 . C. - 0 .0 6 + 0 .2 0 - 0 .32 + 0 .21 - 0 .33 - 0 .02 - 0 .10 — - - 0 .0 7 -  0 .0 5
D. + 0 .0 2 0 .0 2 + 0 .06 0 .02 + 0 .0 6 + 0 .0 2 + 0 .02 0 .0 5 + 0 .09
A . + 0 .1 6 + 0 .40 0 .0 8 + 0.11 + 0 .2 1 0 .1 7 + 0 .4 7 + 0 .1 9 + 0 .13
B. - 0 .2 4 - 0 .2 1 - 0 .2 7 — 0 .38 - 0 .1 0 — 0 .74** + 0 .26 — 0 .03 -  0 .4 5 — —
Potassium Chloride 2 . C. + 0 .1 8 - 0 .0 8 + 0 .8 4 + 0 .26 + 0 .1 0 + 0 .09 + 0 .2 7 + 0 .1 7 +  0 .1 9 — -
D. + 0 .2 0 + 0 .1 4 + 0 . 26* + 0 .2 4 + 0 .1 6 + 0.30** + 0 .10 + 0 .13 + 0 .2 7 ^
M E A N
S T A N D A R D  E R R O R S  ± I N T E R A C T I O N S
S I N G L E  P L O T D i f f m t l .R e s p o n s e
M e a n
R e s p o n s e SM S N M N S P M P N P S K M K N K P K
A . 4 . 3 1 0 . 9 6 0 . 4 8 0 . 3 4 -  0 . 2 6 + 0 . 5 4 + 0 . 1 0 + 0 . 0 9 . + 0 . 0 8 + 0 . 1 0 -  0 . 2 4 + 0 . 0 5 + 0 . 3 3 -  0 . 0 3
B. 3 . 9 7 0 . 8 0 0 . 4 0 0 . 2 8 -  0 . 0 3 -  0 . 0 9 + 0 . 1 0 -  0 . 4 3 -  0 . 7 8 * + 0 . 2 0 -  0 . 0 3 + 0 . 1 4 + 0 . 5 0 -  0 . 2 1
c . 3 . 4 6 0 . 6 2 0 . 3 1 0 . 2 2 + 0 . 0 6 -  0 . 1 9 -  0 . 1 3 -  0 . 2 6 -  0 . 2 7 -  0 . 0 4 + 0 . 2 6 -  0 . 0 8 + 0 . 0 9  • + 0 . 0 1
D. 0 . 8 0 0 . 2 0 0 . 1 0 0 . 0 7 -  0 . 1 0 + 0 . 0 1 + 0 . 0 6 + 0 . 0 4 + 0 . 0 4 0 . 0 0 + 0 . 0 6 -  0 . 0 4 -  0 . 1 0 + 0 . 0 7
A 101.
GRASS, EXPERIMENT 3 .
C W T . / A C R E
Salt
Magnesium Sulphate 2 .
Ammonium Sulphate3 + 3 + 3  + 3
Superphosphate 3 .





















M E A N
R E S P O N S E
1£XE•vJUrV+.070  
+  . 1 0 5 * *
+ .136  
+ .035
* 3 5
-  . 0 0 6
-  .042
-  . 0 5 0 . 
-  . 0 6 8
. *
i n r








. 0 2 1  
. 0 1 6  
Q 039
.35*
. 0 6 2  
.097**
-  .163
-  . 1 5 8
36 *
.35*
D ifferen tia l Responses. GRASS. % Na.
S O D I U M
A B S .
. 0 1 0
. 0 2 2
. 1 1 0
.067
*
+ .086  
+ .189; 





+ .018  
-  . 0 1 0
-  .023
-  .080





-  . 1 1 0 "
.35*
P R E S .
-  . 0 0 2  
-  . 0 6 2 *  
+  . 0 1 0  
-  .069
+ .088**  
+ .307**  
+ .479W
+ .391
-  . 0 2 8
-  .032
-  .009  
+  . 0 0 2
-  .048
-  . 0 5 0  
-  .097
-  . 2 0 6 '
35*
MAGNESIUM
A B S .
+  . 0 6 6 *  
+  . 1 2 2
+ .076 
+ .029





P R E S .
.35+ ,0 7 4  
+ .085**  








+ .47T ”  I + • 393__, 
+ .3 4 7 ^ v + .437**
-  .025
-  . 0 3 6
-  .04-6
-  . 1 0 6 :
*
-  . 0 7 6 ;
*36
'35*
•i s 4 *
.167**
+ .015  
-  . 0 0 6  
+ .014  







N I T R O G E N
A B S .
+ .069' 
+ .046  
+ .089 
+  . 0 3 6
+  . 0 0 1
-  .007




+  . 0 1 1  
+ .004  
-  . 0 1 1  
+ .015
-  . 0 6 2
-  .039
-  .086 
-  .040
, *
P R E S .
+ .071  
+ .16435*
3 5 *






-  . 0 2 1
-  .046




_ „ „ 5 B 5  
•155«* 
•240S.276
P H O S P H O R U S
A B S .
‘22L3C
36 *
+  . 0 9 3 ;  
+ .116  
+ .1295 




. 1 3 5 391
3B$
15*+  . 1 0 3 ;
+  • 2 7 ? —
+  - 4 3 7 S+ .446
-  .070
-  .1 2 4
**
36*




P R E S .
+ .047_ 
+ .094  
+ .143  
+  . 0 7 6
+ .014
-  .027
-  . 0 2 0  





+ .428  









A B S .
+  . 0 5 6 "  
+  . 0 5 8 T  
+ .070  
+ .083





+ .087*  










. 0 5 6
* *




+ .084  
+ .152  




-  .026  
-  .057
+ .087**
+  . 1 9 0 * *  W
+  - 3 5 C
+ .274
+ .003 
4  . 0 0 6  
-  .018  
-  . 0 2 2
M E A N
S T A N D A R D  E R R O R S  ± I N T E R A C T I O N S
S I N G L E  P L O T
D i f f m t l .
R e s p o n s e
M e a n
R e s p o n s e SM S N





















+ .004  
-  .020  
+ .060  
+ .006
+ .001  
+ . 059**




-  .039  
+ .045
-  .023
-  . 0 1 1  
+ .007  
+ .041
+ .020  
+ .015





+ .014  
+ .047*  
+ .066  
-  .048
+ .014  
+ .017  






+ .008  
+ .027  
-  .002  
+ .017
GRASS. EXPERIMENT 3 . D ifferen tia l Responses. CLOVER. Ua. A 102
C W T ./A C R E
M E A N
R E S P O N S E
SO DIUM MAGNESIUM N IT R O G E N P H O S P H O R U S P O T A S S IU M
A B S. P R E S . A B S . P R E S . A B S . P R E S . A B S . P R E S . A B S . P R E S .
Salt 4 .  
Magnesium Sulphate 2 .  
Ammonium Sulphate 3  +  3  +  3  +  J
Superphosphate ^  





















+  . 1 9 6 * *  
♦  . 1 0 8 *
+  - 1 1 2 2 l
+  . 0 8 5
-  . 0 1 2
-  . 0 2 7
-  . 0 1 3
-  . 0 2 7
+  . 0 6 5 s*acag 
+  . 0 6 6
+  . 1 1 1 3®
+  , 0 8 8 s®
+  . 0 0 4  
+  . 0 0 2  
+  . 0 2 4
-  . 0 1 0
-  • C 2 S W
-  . 0 8 2 * *
-  . 0 9 4 V3C
-  . 1 1 4
-  . 0 1 3
-  . 0 2 8  
-  . 0 2 2  
-  . 0 2 0
+  . 0 4 5  
+  . 0 3 4  
+  . 0 6 3 *  
+ . 0 6 0 *
+ . 0 0 5
-  . 0 0 4  
+  . 0 0 5
-  . 0 4 0
+  . 0 1 6
-  . 0 7 4 *
-  . 0 7 8
-  . 0 1 1  
-  . 0 2 6
-  . 0 0 4
-  . 0 3 4
+  . 0 8 5 *
+  , 0 9 8 s®  
+  . 1 5 9 * *  
+  . 1 1 6 * *
+  . 0 0 3  
+  . 0 0 8  
+  . 0 4 3  
+  . 0 2 0
-  . 0 7 4 *
-  • 1 1 C
-  . 1 1 4 * *
-  . 1 5 0 * *
w
+  . 1 9 5  
+  . 1 0 7 ^  
+  . 1 0 3 * *  
+  . 0 9 5 * *
+  . 0 9 9 *
+  . 0 6 4 * *  
+  . 1 3 1 * *  
+  . 1 3 5 * *
+  . 0 0 1  
+  . 0 0 2
-  . 0 0 1  
-  . 0 2 0
"  - 0 2 0 i S f
"  - 0 6 C
-  . 0 9 6
-  . 1 3 0 * *
+  . 1 9 7 * *  
+  . 1 0 9
+ - 1 2 1 ^  
+  . 0 8 1
+  . 0 3 1  
+  . 0 6 8  
+  . 0 9 1 * *  
+  . 0 4 1
+  . 0 0 7  
+  . 0 0 2  
+  . 0 4 9  
-  . 0 0 0
-■  * 0 9 5 ^
-  . 0 9 2 ! ®
-  . 0 9 8
nag 
+  . 1 7 6  
+ . 0 7 6 * *  
+ * 0 6 4 *
+ . 0 6 0
+ . 0 2 2
-  . 0 2 9  
+ . 0 0 7  
+ . 0 2 0
c
-  . 0 1 0  
+ . 0 0 1  
+ . 0 1 2  
+ . 0 1 3
-  *0 5 f W
-  . 1 0 0 * *
-  . 0 8 5 * *
-  . I l l 3®
+ .2 1 6 * *  
+ . 1 4 0 * *  
+ . 1 6 0  
+ . 1 1 6
-  . 0 4 6
-  . 0 2 5
-  . 0 3 3
-  . 0 7 4
+  . 0 1 8  
+ . 0 0 3  
+ . 0 3 6
-  . 0 3 3
-  * 0 0 3
-  . 0 6 4
-  . 1 0 3 * *
-  . l l ? ' "
+  . 1 9 7 * *
+ - 1 0 2 Z
+  . 0 9 3  
1* . 0 5 8
-  . 0 1 5
-  . 0 2 7
-  . 0 3 8
-  . 0 3 7
+  . 0 5 1  
+ . 0 6 5 s®
+ *0 " S  
+  . 1 1 1
-  . 0 0 6
-  .0 8 8 * *  
-  . 0 8 9  
. . 1 2 7 * *
+  . 1 9 7 * *  
+  . 1 1 4  
+  . 1 3 1  
+  . 1 1 8 * *
-  . 0 0 9
-  . 0 2 7  
+  . 0 1 2
-  . 0 1 7
+  . 0 7 9 *  
+ . 0 6 7 * *  
+  . 1 2 3 * *  
+  . 0 6 5 ^
-  - 0 5 ^
-  . 0 7 6
”  • 0 9 9 »
-  . 1 0 1
+ . 2 4 1 3®  
+ .1 4 2 * *  
+ , 1 3 2 s®  
+ . 1 2 6 * *
-  . 0 0 3
-  . 0 1 4
-  . 0 1 5
-  . 0 4 3
+ - 0 3 9 *
+ .0 4 -5
1 + .1 2 0 * *
+ .0 9 1 * *
+ . 0 2 7
-  . 0 0 4  
+ . 0 2 9
-  . 0 2 3
+ . 1 5 1 * *  
+ . 0 7 4 * *  
+
+ . 0 5 2
-  . 0 2 1
-  . 0 4 0
-  . 0 1 1  
-  . 0 1 1
+ . 0 9 1 *
+ . 0 8 4 * *  
+ , 1 0 2 s®  
+ . 0 8 5 * *
-  . 0 1 9  
+ . 0 0 8  
+ . 0 1 9  
+  . 0 0 3
MEAN
STANDARD ER R O RS ± IN TERA CTIO N S
SIN G L E P L O T Diffmtl.Response
Mean
Response SM SN MN SP MP N P SK MK NK PK
4 . . 2 7 3 .0 6 8 . 0 3 4 . 0 2 4 + . 0 0 1 +  . 0 2 0 -  . 0 3 4 -  . 0 0 1 + .0 0 3 + . 0 1 4 -  . 0 4 5 -  . 0 0 9 + . 0 2 6 -  . 0 2 3
B . . 2 6 5 .0 4 2 . 0 2 1 . 0 1 5 + . 0 0 1 + . 0 3 2 * + . 0 0 2 + . 0 0 6 . 0 0 0 +  . 0 0 1 -  . 0 3 4 * -  . 0 1 3 + . 0 1 8 + . 0 0 6
C . . 2 3 1 . 0 5 5 . 0 2 8 . 0 2 1 + . 0 0 9 + . 0 4 8 -  . 0 2 0 . + . 0 1 9 + . 0 2 5 + . 0 1 2 -  . 0 2 0 + . 0 0 2 -  . 0 0 9  • -  . 0 0 5
D . . 2 4 8 . 0 5 1 . 0 2 5 . 0 1 8 -  . 0 0 7 + . 0 2 8 -  . 0 4 7 * + . 0 3 0 + . 0 1 0 -  . 0 2 3 -  . 0 3 6 + . 0 1 6 -  . 0 0 3 + .0 1 3





SODIUM MAGNESIUM NITROGEN PHOSPHORUS POTASSIUM
ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
Salt 4 .
Magnesium Sulphate 2 .
Ammonium Sulphate 3  + 3  + 3  + «
Superphosphate 3 .
Potassium Chloride 2 .
A .
B .  


















+  . 0 1  
+ . 0 2
-  . 0 4
-  . 0 4
-  . 0 1
+ . 0 5
-  . 0 4
+ . 0 9
+ . 0 6
-  . 1 5 *w
-
-  . 7 1
-  . 1 3
-  . 0 3  
+  . 0 4
-  . 1 1
+ . 2 4  
+ .2 4 * * *
+ . 5 3 * *
+  . 0 3  
+ . 0 2
-  . 0 7
+ . 1 4
+  . 0 3
-  . 0 8
-  . 7 6 s *
-  . 6 8 * *
-  . 2 0  
-  . 1 1
+ . 1 3  
-  . 0 9
+  . 3 1 * *
or?**
+ .6 0 ^
+ .4 -3
-  . 0 5
+ . 0 8
-  . 0 1
+  . 0 4
+ . 0 9  
-  2 2 *
-  . 7 4 * *VK
-  . 7 4 * *
-  . 0 6  
+ . 0 5
-  . 0 5
-  . 1 3
♦  . 1 7 *
+  . 1 1  
+ . 5 8 * *  
+ . 6 3 * *
+ . 0 5  
-  . 0 1
-  . 0 7
+ . 0 1
+ . 1 0
-  . 1 3 3€Hr
: : % * *
-  . 1 8  
-  . 0 6  
+ . 1 5  
-  . 1 2
+ .2 8 * *
+ . 5 3
+ . 4 6
-  . 0 3
+ . 0 5
-  . 0 1
-  . 0 9
+
-  , 1 y
-  . 7  a 306
-  . 6 6 * *
-  . 0 8
. 0 0
-  . 0 7
-  . 1 0
+ . 2 0 *
+ . 2 0 use 
+ . 6 0
+ , 6 0 s *
-  . 0 2  
+  . 0 9
-  . 0 5
-  . 0 1
+ . 0 3  
+ . 0 7  
-  . 0 1
+ . 0 4
-  . 0 9
-  . 1 0  
+  . 0 5  
-  . 1 4
+  . 1 8 *
+ - 0 3 * *  
+ . 4 6 * *
+ .4 -4
+  . 0 4
-  . 0 5
-  . 0 3
-  . 0 7
-  . 0 5
+ . 0 3
-  . 0 7
+ . 1 4
-  . 1 7
+  . 0 4  
+  . 0 3
-  . 0 8
+ . 3 0 * *  
+ . 4 5 * *w
+ 72* ' fias 
+ . 6 2 ^
-  . 0 6  
-  . 0 6
+ . 0 5  
-  . 0 2
-  . 0 6
+ . 0 2  
+ . 0 7  
+ . 0 8
+ . 1 0  
-  . 2 2 *
-  7 4 * ** use
-  . 7 4  
+ > 2 1 s
+ - 2 2 L
+ . 4 8 * *
_-3€H
+ . 5 5
+ . 0 8  
+ . 1 0
-  . 1 3
-  . 0 6
+ . 0 4  
+ . 0 8
-  . 1 5  
+ . 1 0
+ . 0 2  
0 8
-  . 7 6 * *
-  . 6 8 * *
+ . 2 7 * *  
+ . 2 6 * *  
+ . 7 0 * *  
+ . 5 1 * *
+ . 0 8  
+' . 1 5
-  . 0 3
-  . 1 4
+ . 0 3  
+ . 0 9
-  . 0 5
+ . 0 2
. 0 0
-  . 3 6 * *
-  . 8 8 * *  
-  . 8 0 * *
-  . 1 6
-  . 0 5
-  . 0 7
-  . 0 9
-  . 0 6  
-  . 1 1
-  . 0 5
+ . 0 6
-  . 0 5
+ . 0 1
-  . 0 3  
+ . 1 6
+ . 1 2  
+ . 0 6
-  . 6 2 * *  
-  . 6 2 * *
-  . 1 0  
-  . 0 1
+ . 1 5  
-  . 1 3
MEAN
STANDARD ERRORS ± INTERACTIONS
SINGLE PLOT Diffmtl.Response
Mean





1 . 6 3
1 . 9 6
2 . 4 3
2 . 0 9
0 . 1 6
0 . 1 6
0 . 2 8
0 . 2 4
0 . 0 8
0 . 0 8
0 . 1 4
0 . 1 2
0 . 0 6
0 . 0 6
0 . 1 0
0 . 0 8
-  . 0 4
+ . 0 3  
+ . 0 3
-  . 0 5
+ . 0 3
-  . 0 7  
+ . 0 1
-  . 0 3
-  . 0 4
-  . 0 2  
-  . 0 3
+ . 0 5
+ . 0 7  
+ . 0 8
-  . 0 9
-  . 0 2
+ . 0 5  
+  . 0 3  
-  . 1 1
+ . 0 1
-  . 0 4
+ . 0 7
-  . 0 1
+ . 0 3
“  *0 7 »
-  . 1 3
-  . 0 1
+ . 1 0
-  . 0 4
-  . 0 4
+ . 0 1  
+ . 0 7
+ . 0 6  
+ . 2 1 * *  
+ . 1 3  • 
+ . 0 9
+ . 0 3  
+ . 0 2  
+ . 1 1  
-  . 0 2
A 104.
GRASS. EXPERIMENT 3 . __________  D iffer en tia l Responses. GLOVER. % K.
C W T ./A C R E
M E A N SODIUM M AGNESIUM N IT R O G E N P H O S P H O R U S P O T A S S IU M
R E S P O N S E
A B S . P R E S . A B S . P R E S . A B S . P R E S . A B S . P R E S . A B S . P R E S .
A. + .06 _ + .09 4- .03 4- .17 .05 4- .02 4* .10 4- .06 4* .06
B . + .02 - — + .05 — .01 4* .03 4- .01 — .01 4- .05 -  .03 + .01
Salt 4 . C. + .05 - - + .08 .02 4- .07 4- .03 4- .11 - .01 -  .06 4- .16
D . 4- .01 *■* *“ -  .01 + .03 4- .09 — .07 4- .10 — .08 4- .04 -  .02
A. mm .07 M .04 _ .10 .05 .09 .07 .07 4- .01 -  .15
B . + .11 + .14 + .08 - — + .13 4- .09 + .17 4- .05 4- .08 4- .14
Magnesium Sulphate 2 . c . + .08 + .11 4- .05 — - 4- .12 4* .04 4- .18 - .02 4- .10 4- .06
D . -h .11 + .09 + .13 — — 4- .10 4- .12 4- .15 4- .07 4- .08 4- .14
A. + .08 + .19 .03 4- .10 + .06 4* .03 4- .13 4- . 2 2 -  .06
Ammonium Sulphate^ +  ^ +  ^  + c
B .  













-  - 1 8 *  
-  .21
- • ° 3 *.26






“  - ° 2 *  -  .22
-  .11
-  .08
-  .22*  
-  .29
A. mm .05 .09 _ .01 -  .05 _ .05 _ .10 00 L- MB -  .12 4- ,02
B . — .05 — .08 — .02 + .01 — .11 .00 — .10 - - -  .09 -  .01
C. + .01 + .07 — .05 + .11 — .09 4* .01 4* .01 — — -  .05 4- .07auperpaospnate i f D . .00 + .09 - .09 4- .04 “ .04 “* .08 4- .08 “ — -  .04 4- .04









• 5 3 5 W.44  


















4- .61**  








































STANDARD ER R O RS ± IN TER A CTIO N S
MEAN
SIN G LE P L O T D iffm tl.Response
Mean





1 .8 5  
1 .6 5























-  .02  
-  .04
4- .01
4- .04  
4- .03  
-  .06  
-  .09
.00  
-  . 06 























4- .04  
4- .06  
4- .04





SODIUM MAGNESIUM NITROGEN PHOSPHORUS POTASSIUM
ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
Salt 4 .  
Magnesium Sulphate 2  •
Ammonium Sulphate 3  + 3  + 3  + ^






















-  . 0 0 5  
+ . 0 4 1
-  . 0 0 1
-  . 0 3 3
-  . 0 1 3
-  . 0 6 6 * *  
-  . 0 3 6
-  . 0 1 2
+ . 0 3 5 *
+ . 0 3 1
-  . 0 0 3
+ . 0 8 2 * *
-  . 0 0 6  
-  . 0 2 0  
+ . 0 1 6  
-  . 0 0 6
-  . 0 2 2  
+ . 0 3 3  
-  . 0 3 8  
+ . 0 0 3
-  . 0 1 3
-  . 1 0 1 * *
-  . 0 3 1  
+ . 0 0 8
+ . 0 4 2 *
+ . 0 5 3
+ . W *
+ . 0 0 4
-  . 0 8 6 * *  
+ . 0 2 9
-  . 0 5 2
-  . 0 4 9 *
+ . 0 0 8
-  . 0 5 5  
. 0 0 0
-  . 0 2 3
-  . 0 3 1
-  . 0 4 1  
~  . 0 3 2
+ . 0 2 8  
+ . 0 0 9
-  . 0 1 3  
+ . 0 5 7
-  . 0 1 6  
+ . 0 4 6  
+  . 0 0 3  
+ . 0 4 0
+ . 0 0 5  
+ . 0 5 8  
-  . 0 2 1
+ . 0 0 6
. 0 0 0
+  . 0 0 6  
+  . 0 0 4  
-  . 0 1 8
+ . 0 5 9 *  
+ . 0 5 1  
+ . 0 4 3 v  
+ . 0 9 0
-  . 0 0 1  
-  . 0 8 0 *  
-  . 0 1 2
-  . 0 0 7
-  . 0 2 5  
+ . 0 2 4
-  . 0 5 2  
+ . 0 2 1
-  . 0 1 0  
+ . 0 7 6 *
-  . 0 0 6  
-  . 0 5 8
+ . 0 1 1  
+ . 0 1 1
-  . 0 5 4  
+ . 0 7 4
-  . 0 1 1  
+ . 0 4 0  
+ . 0 4 4
-  . 0 0 5
-  . 0 1 9
+ . 0 4 2
-  . 0 2 4
-  . 0 1 5
+  . 0 0 2  
+ . 0 6 3  
+ . 0 1 4
-  . 0 1 3
+ . 0 0 6
-  . 0 4 6  
+ . 0 1 5
-  . 0 0 4
+ . 0 0 4
-  . 0 4 2  
+ . 0 5 5
-  . 0 0 7
-  . 0 4 7 *  
+ . 0 1 7
-  . 0 2 8  
+ . 0 2 8
-  . 0 1 2  
♦  . 0 1 9  
-  . 0 1 6
-  . 0 6 3
-  . 0 4 2
-  . 0 8 6 * *
-  . 0 8 7 *
-  . 0 2 0
-  . 0 1 6  
+ . 0 0 2
-  . 0 2 3
-  . 0 0 5
+ . 0 0 3  
+ . 0 4 9
-  . 0 4 8
-  . 0 2 2
+ . 0 0 5
-  . 0 2 5  
+ . 0 1 2
-  . 0 8 4 *
-  . 0 1 3
-  . 1 2 6 * *
-  . 0 6 4
-  . 0 1 3
+ . 0 4 5 *  
+ . 0 0 9
+ - 0 3 6 »  
+ . 0 8 1
-  . 0 1 4  
+ . 0 2 4
-  . 0 2 1  
-  . 0 1 9
-  . 0 1 5
+ .1 0 7 * *
-  . 0 1 4  
+ . 0 0 8
-  . 0 2 3
-  . 0 0 6  
-  . 0 0 8  
7■ . 0 1 1
+ . 0 2 5  
+ . 0 5 3
-  - 0 4 2 »  
+ . 0 8 3
-  . 0 3 0  
+ . 0 4 2  
-  . 0 5 5  
+ . 0 2 5
-  . 0 3 2  
+ . 0 1 6
-  . 0 1 8
-  . 0 4 1
-  . 0 2 1
-  . 0 7 5 *
-  . 0 5 0  
+ . 0 0 6
+ . 0 1 0  
+ . 0 1 5  
+ . 0 0 7  
+ . 1 0 7 * *
+ . 0 0 2
-  . 0 2 9  
+ . 0 3 3
-  . 0 2 8
+ . 0 2 2  
+ . 0 6 6 *  
+ . 0 1 6
-  . 0 3 5
-  . 0 1 5
-  . 0 5 7
-  . 0 2 2  
-  . 0 3 0
+ . 0 6 0 *  
+ . 0 4 7  
-  . 0 1 3  
+ . 0 5 7
-  . 0 1 4
-  . 0 1 1  
-  . 0 0 1  
+ . 0 1 6
MEAN
STANDARD ERRORS ± INTERACTIONS
SINGLE PLOT D i f f m t l .Response
Mean





. 4 5 0
. 6 2 3
.637
. 7 3 8
. 0 4 4
. 0 5 6
. 0 3 0
. 0 6 1
. 0 2 2
. 0 2 3
. 0 4 0
. 0 3 0
. 0 1 6
. 0 2 0
. 0 2 3
. 0 2 1
-  . 0 0 5
+ . 0 3 5
-  . 0 0 5
-  . 0 2 0
-  . 0 0 7
-  . 0 2 2
-  . 0 1 5
-  . 0 2 5
-  . 0 2 4
-  . 0 2 0
-  . 0 5 1
-  . 0 0 8
-  . 0 1 0  
+ . 0 6 6 * *  
-  . 0 1 3  
+ . 0 4 6 *
-  . 0 0 5  
+ . 0 6 0  
+ . 0 2 8  
+ . 0 0 1
-  . 0 1 0  
+ . 0 2 2  
-  . 0 3 9  
+ . 0 0 1
+ . 0 2 7  
+ . 0 2 5  
+ . 0 1 7  
+ . 0 0 3
+ . 0 0 3  
+ . 0 0 9  
+ . 0 1 4  
-  . 0 1 8
+ . 0 2 5  
+ . 0 1 6  
-  . 0 1 0  • 
-  . 0 2 5
-  . 0 0 8  
+ . 0 0 9  
-  . 0 1 7  
+ . 0 2 2
GRASS. EXPERIMENT 3 .
C W T . / A C R E
S a l t 4 .
M a g n e s i u m  S u l p h a t e 2 .
A m m o n i u m  Sulphate3 + 3  + 3  + 3
S u p e r p h o s p h a t e










B .  









M E A N
R E S P O N S E
-  . 1 2  
— . 0 6  
-  . 0 1
+ . 0 3
. 0 0  
. 0 0  
+ . 0 5  
-  ' . 0 1
-  . 1 4
-  . 0 3
-  . 0 2
+ . 0 4
-  . 0 2
. 0 0  
+ . 0 4  
-  . 0 5
+  . 0 1  
+  . 0 1  
—  . 0 6  
-  . 0 7
D ifferen tia l Responses. GLOVER. f0 Ca.
106.
S O D I U M
A B S .
-  .0 6
+  . 0 1  
. 0 0
-  . 0 3
-  . 1 2
-  . 0 5
-  . 0 4
+  . 0 2
-  . 1 1
+  . 0 1  
+ . 0 4  
-  . 1 7
-  . 1 4  
. 0 0
-  . 1 3
-  . 0 5
P R E S .
+  . 0 6  
-  . 0 1
+  . 1 0  
+  . 0 1
-  . 1 6  
-  . 0 1
. 0 0  
+ . 0 4
+ . 0 7  
-  . 0 1
+ . 0 4  
+ . 0 7
+  . 1 6  
+  . 0 2  
+  . 0 1  
-  . 0 9
m a g n e s i u m
A B S .
-  . 1 8
-  . 0 5
-  . 0 6
+  . 0 1
-  . 2 0  
-  . 0 2  
-  . 0 2
+ . 0 3
-  . 0 3
-  . 0 3
+ . 0 9  
+  . 0 2
-  . 0 5
-  . 0 3
-  . 0 7
-  . 1 2
P R E S .
-  . 0 6  
-  . 0 7
+ . 0 4  
+ . 0 5
-  . 0 8
-  . 0 4
-  . 0 2
+ . 0 5
-  . 0 1  
+ . 0 3  
-  . 0 1
-  . 1 2
+ . 0 7  
+ . 0 5
-  . 0 5
-  . 0 2
N I T R O G E N
A B S .
-  . 1 0  
-  . 0 8
-  . 0 3
+  . 0 1
-  . 0 6
+  . 0 1  
+ . 0 5  
-  . 0 2
+  . 0 1  
-  . 0 1
+ . 0 7  
-  . 0 9
-  . 0 1
-  . 0 3
-  . 0 5
-  . 0 3
P R E S .
-  . 1 4
-  . 0 4
+  . 0 1  
+ . 0 5
+  . 0 6  
-  . 0 1
+ . 0 5
. 0 0
-  . 0 5
+  . 0 1  
+  . 0 1
-  . 0 1
+ . 0 3  
+ . 0 5
-  . 0 7
-  . 1 1
P H O S P H O R U S
A B S .
-  . 2 1
-  . 0 5  
+  . 0 1
-  . 0 9
-  . 0 1  
-  . 0 3
+  . 1 0
+  . 0 6
-  . 1 1
-  . 0 4
+  . 0 1
. 0 0
+  . 0 2  
+ . 0 5  
-  . 0 0  
-  . 1 0
P R E S .
-  . 0 3
-  . 0 7
-  . 0 1
+ . 1 5
+  . 0 1  
+ . 0 3  
. 0 0  
-  . 0 8
-  . 1 7
-  . 0 2  
-  . 0 5
+ . 0 8
. 0 0
-  . 0 3
-  . 0 7
-  . 0 4
P O T A S S I U M
A B S .
-  . 2 7
-  . 0 7
-  . 0 8
+ . 0 5
— . 0 6
-  . 0 4
+ . 0 4
-  . 0 6
-  . 1 6
-  . 0 7
-  . 0 1
+ . 0 8
-  . 0 1
+ . 0 4  
+ . 0 5  
-  . 0 8
P  R E S .
+ . 0 3  
-  . 0 5
+  . 0 6  
+  . 0 1
+  . 0 6  
+ . 0 4  
+  . 0 6  
+ . 0 4
-  . 1 2
+  . 0 1  
-  . 0 3
. 0 0
-  . 0 3
-  . 0 4
+ . 0 3
-  . 0 2
M E A N
S T A N D A R D  E R R O R S  + I N T E R A C T I O N S
S I N G L E  P L O T
D i f f m t l .
R e s p o n s e
M e a n
R e s p o n s e S M S N
M N S P M P N P S K M K N K P K
A . 2  . 0 3 . 2 0 . 1 0 . 0 7 + . 0 6 . 0 2 +  . 0 6 + . 0 9 + . 0 1 -  . 0 3 + . 1 5 + . 0 6
+ .0 2 -  . 0 1
B . 1 . 7 0 . 1 1 . 0 6 . 0 4 _ . 0 1 + . 0 2 -  . 0 1 -  . 0 1 + .0 3 + . 0 1 + . 0 1 + . 0 4 + . 0 4 -  . 0 4
C . 1 . 8 5 . 0 9 . 0 5 . 0 3 + . 0 5 + . 0 2 .0 0 . 0 0 - . 0 5 -  . 0 3 + . 0 7 + . 0 1
— . 0 1  . -  . 0 1
D . 1 . 8 3 . 1 8 . 0 9 . 0 6 + . 0 2 + . 0 2 + . 0 1 + . 1 2 . 0 7 + . 0 4 * ° 2 + .0 5
. 0 4 + . 0 3
GRASS. EXPERIMENT 3 . D ifferen tia l Responses. GRASS. % Mg.




SODIUM MAGNESIUM NITROGEN PHOSPHORUS POTASSIUM
ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
Salt 4 .
Magnesium Sulphate 2 
Ammonium Sulphate 3 + 3 * 3 ,






























+ .002  
+ .016*








-  .0 2 3 ^
-  .019
+ .002
-  .008  
-  .003 
+ .003
+ .003  
+ .018  
+ .003  
+ .048**
-  .001  
-  .006
-  .004  
+ .002
-  .012























+ .004  
+ J018 




-  .012 
+ ,004
-  .022




-  . o r r
.000
+ .014  
+ .012  
+ .041**
-  .004
-  .001  















-  .016 
+ .012 
+ .004






+ -007*-  .018*




+ .001  
+ .002


















-  .008  
-  .022*  






-  .001  
-  .002  
+ .007  
+ .002
+ .005  
+ .025*  











-  .007  
+ .006
-  .004
-  .002  
+ .009  
+ .021*
’ + .043
-  .006  
-  .006  
+ .014  
+ .014
+ .002
+ .004  




-  .012  
+ .002
+ .006  
+ .023*  
+ .009„  
+ .043
+ .002  
-  .008  
-  .018  
.000
MEAN
STANDARD ERRORS £ INTERACTIONS
SINGLE PLOT Diffmtl.Response
Mean

























-  .001  
-  .002  
+ .012  
-  .005




-  .001  
-  .001  
+ .002  
+ .005
-  .002  
+ .006  
+ .010  
+ .003
+ .003  
+ .009  






+ .007  
-  .001  
-  .009  
+ .003
+ .004  
+ .007  
-  .006 • 
.666
+ .004  
-  .001  
-  .016*  
-  .007









ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
4 . — .007 •M •003 .011 .004 -  .010 -  .012 -  .002 .008 -  .006
B. - .012 - - - .017* — .007 — .016* -  .008 -  .007
HO•I .024** .000
Salt 4 . G • + .003 - - + .00$ + .001 + •002 + .004 + .003 + .003 _ .022* + .028**D. .001 mm .001 "" .001 *“ .007^ + .00$ -  .003 + .001 + .003 -  .00$
4. +
?C1S
. o r r * + .021* .i. .013 + .029** + .00$ + .004 + .030** + .01$ + .019*
B . .000 - .00$ + .00$ + .008 -  .008 -  .010 + .010 .004 + . 004Magnesium Sulphate 2. c . + .006 + .008 + .004 — _ — .002 + .014 -  .00$ + .017 + .006 + .006
D. + .00$ + .00$ + .00$ ~ — + .010* .000 + .003 + . o o i* - .001 + .011*
4. m. .021**TlgM .018* .024** • ° 09** .033** -  .014 -  .028**
ine
.027** -  .01$
B. + .014 + .010 + .018** + .022 + .006 •» + .010 + .018** + .021** + .007Ammonium Sulphate 3 ♦ 3 + 3 + 3 Cj + .019* + .018 + .020 + . o n + .027*** _ _ + .030** + .008 + .01$ + .023!!
D. + .006* .0 0 0 + .012 + .011* + .001 — + .004 + .00b .0 0 0 + .012
4 . .002 .007 + .003 • 015 + .011 + .0 0 $ -  .009 + .0 0 $ -  .009..
B. - .0 0 $ .0 0 0 - .010 — .01$* + .0 0 $ — .009 -  .001 — _ + .0 0 $
HO•1




.004 .000 M .004 .000 .004 .000 •** ““ + .001 -  .00$
4 . .014* .01$ \ .013 .0 1 6 , .012 .020* -  .008 -  .007 -  .021*
B. .019"*f .031*!! _ .0 0 7 —, .023** _ .01$* „ .012 -  .026** ~ *009 " *02CPotassium Chloride 2 . G. _ .024 .049 .001 .024 .024 _ •028** -  .020* -  .021* -  .0 2 7 ^ _
D. — .010** — .006 — .016** .016** .004 — .016** -  .004 -  .007* -  .013**
MEAN
STANDARD ERRORS ± INTERACTIONS
SINGLE PLOT Diffmtl.Response
Mean
Response SM SN MN SP MP NP SK MR NK PK
4 . .2 2 1 .0 1 6 .0 0 8 .0 0 6 -  .0 0 4
Oo•I -  .0 1 2 * + .0 0 $ + .0 1 3 * -  .0 0 7 + .0 0 1 + .0 0 2 + .0 0 6 -  .0 0 7
B . .2 2 9 .0 1 3 .0 0 6 .0 0 4 + .0 0 $ + .0 0 4 -  .0 0 8 -  .0 0 $ + .0 1 0 * + .0 0 4 + .0 1 2 * + .0 0 4 -  .0 0 7 -  .0 1 0 *
G . .2 $ 9 .0 1 8 .0 0 9 .0 0 7 -  .0 0 2 + .0 0 1 + .0 0 8 .0 0 0 +  . o n -  .0 1 1 + .02$** .000 + .0 0 4  ' -  .0 0 3
D. .2 0 7 .0 0 7 .004 .0 0 2 .0 0 0 + .0 0 6
oo


















Magnesium Sulphate 2 .
Ammonium Sulphate 3 + 3 + 3 +
Superphosphate 3 .





















. 0 0 0  
+ .008  
+  . 0 1 2  
+ .009
-  .007  
+ .003
-  . 0 0 1  
-  . 0 0 6
. 0 0 0
. 0 1 2
-  .071  
-  . 0 5 i
+ .013  
+  . 0 1 0  
+ .014  
+ .009
+  . 0 0 2  
-  . 0 0 $  
-  .003  
+ .004
-  .004
-  . 0 0 2  
+ .005  
-  .008
-  .008  
-  . 0 1 6
m s.073  
.046**
+ .003  
+ .014
-  . 0 1 0  
-  .004
-  . 0 1 1  
+  . 0 0 2  
-  .018  
-  . 0 2 1




+ .008  
- .008  
- .069'
• . 0 5 6 * *
S H f
+ .023  
+  . 0 0 6  
+  . 0 3 8 *  
+  . 0 2 2
+  . 0 1 5  
-  . 0 1 2  




+ .018  
+ .007
* .018 
-  . 0 2 2 *
-  . 0 f
-  .040"
+  . 0 1 0  
+  . 0 2 1  
. 0 0 0  
-  .005
. 0 0 0  
+  . 0 0 2  
+  . 0 2 8  
+  . 0 0 2
-  .003  
+ .0 |3  
+  . 0 0 6  
+ . OlXi
-  .018
-  . 0 0 2 m t g
-  . 0 9 0  
-  . 0 6 2 * *
+  . 0 1 6  
-  . 0 0 1  
+ .028  
+ .023
+ .004  
-  . 0 1 2  
-  .034  
+  . 0 0 6
-  .008  
+ .004  
+  . 0 1 0  
+ .014
+  . 0 1 1  
-  .007  
+ .018  
+  . 0 0 5
+  . 0 2 2  
+ .013 




-  .017  
+ .004
+ .008  
+  . 0 1 2  
+ .014  
+ .004
-  .025  
+ .013
-  . 0 2 0  
-  .017
+ .004  
+ .007  
+ .019  
+ . 0 1 1
+ .009  
-  .003 
+ . 0 1 1  
+ .004
-  . 0 1 0  
+  . 0 1 2  
-  . 0 1 2  
-  .004
-  . 0 1 0  
+ .014
-  .015
-  . 0 2 0
+ ,009
-  .009.




-  . 0 0 6  
+  . 0 0 5  
+ .003  
+  . 0 0 1
+  . 0 1 0  
+ .004




-  .008  
















-  .009 






-  . 0 5 1
a
m t
+ .005  
+  . 0 2 0  
+  . 0 2 0  
+  . 0 0 6
+ .013  
+  . 0 0 1  






+ .007  
-  . 0 1 0
-  .057**
-  .051**
+  . 0 2 1  
. 0 0 0  
+ .008  
+  . 0 1 2
MEAN
STANDARD ERRORS ±. INTERACTIONS
SINGLE PLOT Diffmtl.Response
Mean
Response SM SN MN SP MP NP SK MK NK PK
A. .175 .028 .014 .010 .003 + .008 -  .018 + .010 + .003 -  .009 + .013 + .002 + .007 + .008
B. .193 .020 .010 .007 + .005 + .004 + .010 — .004 — .011 -  .003 - .007 - .007 + .002 -  .010
c . .246 .034 .017 .012 — .006 + .002 -  .019 + .024 + .014 + .005 + .015 .031 + .014 • -  .006
D. .238 .038 .019 .013 + .002 .005 -  .011 + .013 + .014 + .002 j - .025 + .002 .000 + .003




SODIUM MAGNESIUM NITROGEN PHOSPHORUS POTASSIUM
ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
Salt 4 . 
Magnesium Sulphate 2 .
























-  .020  
.000
-  .025s  
+ .006









+ .009  
+ .003  
+ .005
+ .009
-  .003  
+ .010
+ .035SS








*  .012  
+ .003  
+ .003  
+ .002
+ .003





-  .028s  
-  .012
-  .008  
+ .006  
-  .003  
+ .001
+ .014  
+ .015  
+ .003  
+ .008
+ .015  




-  .033 
+ .014
-  .018 
+ .009
-  .019s
-  .019 
+ .017  
+ .001
.000  













+ . 026s s  
+ .001
-  .008  
+ .015
+ .023s *1 
+ .004  
+ .015  
+ .026
-  .030
-  *007k-  .02b  
+ .001
-  .006
-  .007  
+ .002
-  .004
-  .010 
+ .020




-  .015 
+ .024
-  .010  
+ .007  
-  .022  
+ .011





-  .002 
+ .010  
-  .002
*  .002  
-  •002 **
+ .046
-  .021S  
-  .006
-  .025  
+ .003
-  .018s  
+ .008  
-  .010
-  .019
-  .041**  
+ .010
-  .013  
+ .003
+ .011
-  .007  




-  .025  
+ .009
+ .008“
-  .008  
-  .032s
+ .001
+ .00 5 
-  .012  
+ .001  
-  .011
+ .007  
+ .001
-  .006  
+ .044SS
-  . 026s *
-  .007
-  .061  
+ .004
-  .019s







+ .015  
+ .005  
+ .019
-  .004
-  .014  
+ .007  
+ .008  
+ .008






+ .019  
+ .007
+ .011  
+ .013
-  .013  
+ .014
MEAN
STANDARD ERRORS ± INTERACTIONS
SINGLE PLOT D iffm tl.Response
Mean


























+ .010  
+ .007  
+ .003  
+ .005
+ -001*  + .018*
-  .023
-  .005
+ .001  




-  .008  
-  .011 
+ .010
+ .023SS 
-  .011  
+ .007  
-  .007





+ •00?ii -  . 0 2 ?
-  .009
-  .011S 
+ .001  
+ .025s  
+ .011
-  .002  
+ .004  
-  .016  
+ .009
GRASS. EXPERIMENT 4. A. 111.
DRY MATTEI^YIELDS 
A B C
DRY MATTER %. 
A B C
1 S H K 6 . 2 5 . 2 7 . 0  I 2 7 . 7 2 6 . 1 2 6 . 5
2 N K 2 1 . 5 1 6 . 4 1 4 . 0 2 5 . 7 2 5 . 0 2 4 . 5
3 M P 3 . 5 4 . 8 5 . 1 2 7 . 7 26.3 2 6 . 7
4 S P K 3 . 9 6 . 2 26.2 2 8 . 2 2 7 . 0 2 7 . 0
5 M N P K 2 0 . 0 1 7 . 8 1 5 . 0 26.0 2 5 . 1 2 4 . 9
6 3 . 6 2 . 3 3 . 3 2 8 . 7 26.8 2 6 . 7
7 S N P 2 1 . 5 1 6 . 8 1 1 . 0 26.0 2 4 . 9 2 5 . 1
8 S M N 1 9 . 5 1 4 . 0 1 0 . 0 26.1 2 3 . 9 2 4 . 0
9 M N K 2 2 . 6 1 6 . 8 1 4 . 0 2 7 . 0 2 4 . 1 2 4 . 5
10 P 3 . 4 4 . 2 4 . 4 2 8 . 3 2 7 . 2 2 7 . 0
1 1 M 3 . 1 3 . 9 4 . 2 2 9 . 1 2 7 . 5 2 7 . 2
1 2 S K 3 . 9 6 . 7 6 . 2 2 8 . 1 2 7 . 0 2 7 . 1
13 S M N P 1 8 . 7 1 4 . 8 1 0 . 2 2 4 . 2 2 2 . 0 2 3 . 1
1 4 S M P K 5 . 6 5 . 2 6 . 9 2 7 . 7 26.8 2 6 . 5
15 S N 1 7 . 3 1 5 . 6 9 . 9 2 4 . 5 2 2 . 0 2 3 . 3
1 6 N P E 1 7 . 2 1 7 . 2 1 3 . 0 2 6 . 4 2 4 . 2 2 4 . 5
1 7 S 4 . 7 3 . 7 3 . 8 2 8 . 1 26.8 26.2
18 M E 7 . 0 4 . 2 7 . 0 2 7 . 7 2 7 . 0 2 6 . 5
19 S M P 5 . 0 5 . 1 5 . 6 2 7 . 8 2 7 . 0 26.8
20 M N 2 2 . 4 1 0 . 4 8 . 5 2 6 . 5 2 4 . 1 2 4 . 2
21 S N K 1 6 . 8 1 5 . 4 1 3 . 4 26.0 2 5 . 1 2 5 . 0
22 P K 5 . 4 6 . 8 7 . 0 2 8 . 7 2 7 . 7 2 7 . 1
23 S M N P E 2 5 . 4 1 6 . 4 1 4 . 5 2 5 . 5 2 4 . 0 2 4 . 5
24 N P 1 8 . 7 1 4 . 0 8 . 0 | 26.2 2 5 . 2 2 5 . 0
25 M P K 4 . 5 6 . 7 6 . 8 ! 2 7 . 5 2 6 . 6 2 6 . 5
26 S P 2 . 9 4 . 9 4 . 9 j 2 8 . 3 2 7 . 7 2 7 . 0
2 7 K 4 . 0 5 . 2 7 . 2 j 2 6 . 5 2 5 . 0 2 5 . 1
2 8 S M 4 . 0 9 . 0 5 . 3 I 2 8 . 0 2 7 . 2 2 7 . 0
29 S U P K 2 2 . 2 1 7 . 0 1 3 . 5 i 26.1 2 2 . 5 2 4 . 0
30 M N P 1 6 . 3 1 2 . 2 9 . 5 2 5 . 9 2 3 . 0 2 3 . 1
3 1 N 2 1 . 2 1 0 . 8 8 . 9 26.1 2 4 . 0 2 2 . 0
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S a l t 4 .
M a g n e s i u m  S u l p h a t e  2  •
A m m o n i u m  S u l p h a t e  3  *  3  +  3
S u p e r p h o s p h a t e 3 .













-  0.08_ 
+ 1 .2 4  
+  0 . 3 8
X -  0 .25  
+ 1 .1 7  
+ 0 .3 9
+ 0 .0 7
+ 1.31' 
+ 0 .3 7
X +  0 . 2 1  + 0 .9 8  
+  0 . 1 2
0 .7 0
0 . 0 6
0 .5 2 3*
,XX
XX+15.39!+ 9 .9 5 :
+  6 . 0 0 * *
+ 0 .5 5  
-  0 . 0 1  
+ 0 .5 3
+ 1 5 . 6 8 * *  
+ 5 .74**
+ 0 .8 5  
+ 0 .1 3  
+ 0 .5 1
0 .89
0 . 5 2 .
0 . 6 1
x
-  0 .3 7  
+ 1.50*
+ 0 .6 4
+ 0 .5 1  
-  0 .4 0  
+ 0 .43
-  2.19.
+ 1 5 . 1 0 ;
+ 1 0 . 2 1




+ 1 5 .5 8  
+ 10.4 i  




+ 0 .0 5  
+ 0 .8 1  
+ 0 .3 4
-  2 . 0 6  
+ 1 .7 1  
+  0 . 2 1
x +  2 . 1 6  -  0 .0 9  
+ 0 .4 7
+ 0 .2 8  
+ 1 .32  
+  0 . 1 6
+ 1 5 . 2 0 * *  
+ 9 .4 9 ? *  
+ 5 .91
-  0 .1 8  
+  0 . 3 0  
+ 0 .5 2
-  0 .29  
+ 0 .4 7  




+  1 . 0 0  








0 . 6 6
2 .56;
+  0 . 2 0 , 
+  2 . 2 6  
+  3 . 2 8 !
A n „xx+ 1 .8 0  
+  1 . 9 0  
+  3 . 2 8 * ^
+ 1 .2 9  
+ 0 .9 1
+  2 . 2 0
x x
+ 0 .3 9  
+ 1 .1 5  
+ 0 .3 1
+  1 - 7 1 *
+ 3.25**} 
+ 4.36**
+ 2 .1 4  
+ 0 .2 5
+ 0 .93  





♦  9 . 6 1 * *  
+ 6 .03
♦  0 . 2 2  
+  2 . 1 6  
+ 3 .5 4
XX
XX
+ 2.03  
+ 0 .3 4  
+ 0.#L
0.17.
2 . 6 6 '
xx
xx
+ 0 .4 7






+  1 - 7 3 ^  
+  2 . O C T *  
+  3 . 0 2 * *
+  1 . 1 0
*’* 0 . 1 0  
+ 0 .2 4  
+ 0 .52
+ 1 5 . 6 8 * *
+  8 ‘ 7 ^  
+  4 . 9 2 ^
-  0 .73  
+ 0 .89  
+  0 . 5 0
-  0 .33
-  0 .1 8  
-  0 . 3 6
+ 1 .50  
-  0 . 1 2  
+ 0 .5 2
+ 1 5 . 1 0 * *  
+ 1 1 . 1 2 * *  
+ 7 .08
+  0 . 7 8  
+ 0 .73  
+ 0 .0 8




















+ 0 .1 5  
+ 0 .0 7  
-  0 .0 1
-  0 .2 9  
+ 0 .2 6  
+ 0 .26
-  0 .1 9
-  0 .4 6
-  0 .0 9
+ 2 .11  
-  0 .9 0  
+ 0 .13
-  0 .23
-  0 .5 1  
+ 0 .1 8
+ 0 .3 4  
+ 0 .3 4  
-  0 .03
-  0 - 25»
-  1-42**
-  0 .7 2
+ 0 .80  
-  0 .18  
0.00
-  0 .29
+ i a 7 L  + 1 .08
+ 0 .78  
-  0 .08  
-  0 .26

















S a l t 4 .
M a g n e s i u m  S u l p h a t e  g
A m m o n i u m  S u l p h a t e  y  +  + 3
S u p e r p h o s p h a t e 3 .




















+ .007  
+ .009  




+ .015  
+  . 0 2 8  
+ .034
.159**
. 0 9 0 * *
.217**
-  . 0 1 0  








+ .015  
+ .032  








+ .024  
+ .017  
+ .004
+ .169**  
+ .265**
+ .353
+ .015  
+ .024  
-  . 0 0 2
-  .167**  ,xx
-  . 1 0 2  
-  .245'•XX
+  . 0 6 6  
+ .019  








+ .009  
+ .031  
+ .027
.3KT*.153'sfiac
. 0 8 7 ^
.248**
+  . 1 0 0 ”  
+ .034  
+ .056*
+ .150; 




+  . 0 2 1  





+  . 0 6 0 * *
+ .019  
+ .040
+ .003  
+ .004  
+ . 0 1 1
-  .004  
+ .008  
+ .009
.070
. 0 2 1
. 0 3 8
.xx
+  . 1 0 6  
+ .034  
+ .042
+  . 0 1 1  









+ .083  
+ .031  
+ .077'
+  . 0 0 1  
+  . 0 1 2  
-  .018
+ .137**ILSC
+  . 2 3 7 ^M M




-  .152' 
-  . 0 9 8 ' 







+ .013  
+ .006  
-  .004














+  . 0 1 2  
-  .040
M a g
. 2 3 5 ^  xx
+  . 3 2 6 ; 
+ .531xx
+  . 0 2 2  
+ .028  
+ .041
+  . 0 7 5 * *  
+ .015  
+ .013
+  . 0 0 1  
+  . 0 0 6  
+ .018
+ .067**
+ .188**  xx+ .173
+ .008  
+ .036  
+ .027


















+ .008  
+ .015
+ .023*  
+ .008  
+ .001
+ .004  





+ .006  
-  .003  
+ .007
+ .019  
+ .020  
+ .025
-  .008  
-  .012  
-  .028
-  .006  





-  .179** .
-  .007  
+ .008
-  .007




Ammonium Sulphate  ^ + 3  + 3 .
Superphosphate 3/i


















-  . 0 1
+ .03  
+  . 0 6
+ .03  
+  . 0 6  
-  . 0 1







+ • 44 







+ .0 4  
+ .07  















D iffe r e n t ia l Responses
+  . 0 2  
+ .05  
-  .04
-  .06
+ .09  
+  . 0 1
-  .05
-  . 0 2
. 0 0
+ .41**  






. 0 0  
+ .04  
+ .09
-  .08  
+  . 0 2  









P R E S .
-  . 0 2
+  . 0 2  
+ .03
-  . 1 0
+  . 0 6  












-  . 0 2
+ .05
+ .04  
+ .04  
-  . 0 2
-  .04  








+  . 0 2  
+ .08  
+ .07
+  . 0 2  
+ .08  
. 0 0
-  .08  
-  . 0 6
+  . 0 1
/  / •  








-  . 0 2
+ ,03  
+ .03
+  . 0 2  
+  . 0 6  
-  .03










. 0 0  
+ .03  
+ .09
+ .04  
+  . 0 6  
+  . 0 1
-  . 1 1











+  . 0 2  
+  . 0 6 „ 






-  .1 4




+  . 0 1  
-  .05
P RES.
-  .04  
. 0 0
-  .08
+  . 0 6 ^ 
+ .13  
+  . 0 6
3*
+ . 13: 
+ .22  
+ . 1 1
3*3*
3*3*
-  . 0 6
-  .05
-  . 0 1
STANDARD ERRORS ± INTERACTIONS
MEAN
SINGLE PLOT Diffmtl.Response

















-  .01  
-  .03




+ .02  
+ .01












+ .03  






+ .05  
+ .02





SODHIM MAGNESIUM NITROGEN PHOSPHORUS POTASSIUM
ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
Salt 4 .
Magnesium Sulphate 2 . 
Ammonium Sulphate 0 n3 + 3 + 3
Superphosphate 3 • 

















-  .052s  
+ .009
-  .003  
+ .012
.000
+ .018  
+ .088**
-  .017
+ .013  






+ .016  
+ .008
+ .010  
+ .081  
-  .017
+ .008  
+ .020  
+ .033
-= .0 1 3  
+ .033  
+ .006
-  .©12 
+ .008  
-  .008
+ .026  
+ .095s35
-  .017
+ .018  
+ .002  
+ .013
-  .007
-  .018  
-  .030
-  .028
-  .048  
+ .017
*r ■.
+ .036s  
+ .089s *
-  .008
+ .008  





-  .046s s





+ .018  
+ .015  
+ .010






+ .015  
+ .013 
+ .009
+ .018  
+ .021  
+ .017
-  .022  
+ .003  
-  .002
-  .029
-  .045  
+ .009
-  .021  
+ .011
-  .009
+ .008  
+ .001  
+ .029




-  .043  
+ .019
-  .008  




+ .005  















-  .027  
+ .027
.000
-  .022  
-  .008
+ .006  
+ .084**  
-  .007






-  .006  





-  .002  
-  .001  
+ .010
MEAN
STANDARD ERRORS ± INTERACTIONS
SINGLE PLOT Diffmtl.Response
Mean



















+ .008  
+ .047
.000
-  .018  






+ .004  
-  .013
-  .005





-  .003  




-  .010 •
-  .015
-  .012  
-  .013




SODIUM MAGNESIUM NITROGEN PHOSPHORUS POTASSIUM
ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES. ABS. PRES.
Salt 4 # 4 . -  .003 -  •005„ -  .001 -  .001 -  .005 -  . W . + .001 + .002 -  .008
B. — — -  .016* -  .014 -  .016* -  .014 -  .019^ -  .011 + .008 -  .038
C. -  .026 “* — -  .024 -  .028 -  .010 ~ .042** -  .025 -  .027 -  .022 -  .030*
A. + .013* + .011 + .0 1 5 , + .017 + .009 + .012 + .014 + .007 + -019*Magnesium Sulphate 2 . B. + .014 + .013 + .015 — — + .011 + .017* + .015* + .013 + .012 + .016*
C. + .025* + .041* + .009 mm + .029 + .021 + .026 + .024 + .022 + .029
A. + .001 + •°°3 mc -  -001 + -°05m -  •003__ + .000
Ammonium Sulphate 3 + 3  +13 B. + .038** + .037** + .039*^ + - ° 3 C + .041 + .044 + .032 + .050** + .026**
C. + .048 + .064 + .032 + .052 rs a a?®+ .044 + .067*^ + .029 + .072 + .024
A. -  .007 -  .011 -  .003 -  .008 -  .006 -  .011 -  .003 -  .002 -  .012
Superphosphate 3 . B. -  .002 -  .006 + .002 -  .001 -  .003 + .004 -  .008 - - + .004 -  .008
C. -  .006 -  .005 -  .007 -  .004 -  .008 + .013 -  .025 + .004 -  .016
A. -  .003 + .002 -  .008 -  .009 + .003 -  .002 -  .004 + .002 -  .008
Potassium Chloride 2* B. -  .009 + .014 -  .032** -  .011 -  .007 + .003 -  .021** -  .003 -  -015* - —
C. -  .030 -  .026 -  .034 -  .033 -  .027 -  .006 -  .054 -  .020 -  .040
MEAN
STANDARD ERRORS ± INTERACTIONS
SINGLE PLOT Diffmtl.Response
Mean
















+ .002  
+ .001  
-  .002
-  .002  
+ .001  
-  .016
-  .004  
+ .003
-  .004




-  .001  
-  .002
+ .004


















+ .006  
+ .002  
+ .003
-  .001  
-  .012*  
-  .024*.
-  .005



















Magnesium Sulphate 2 .














+ .007  
+ .008  
+ .004
-  .007
-  .003  
+ .004
+ .005  
+ .005  
+  . 0 0 1
-  . 0 0 2  
+  . 0 0 1  
-  .004
+ .016  
+ .015  
+  . 0 1 2
. 0 1 6
. 0 1 0
.004
+  . 0 0 1  
+ .007  
-  . 0 0 1
+ .013; 





+ .015  




+  . 0 0 2  
+ .004  
+  . 0 1 2
+ .009  
+ .003 
+ .003
+  . 0 1 1
+ .003 
+  . 0 1 0  
+  . 0 0 2
-  . 0 1 0  
-  .005  
+ .003
+  . 0 1 1  
+  . 0 0 6  
+  . 0 0 6
-  .004
-  . 0 0 1  
+ .005
+  . 0 1 6 .  
+ .023'x
+  . 0 0 2  
+ .003 
. 0 0 0
+ .0 1 5 1M M  
+  . 0 2 8  
+  . 0 1 2
+  . 0 0 8  
+ .007  
+  . 0 0 2
+ .009  
+ .018
. 0 0 0
-  .005
-  . 0 0 1  
-  .003
+  . 0 0 1  
+  . 0 1 1  
+ .005
+ .005  
-  . 0 0 2  
+ .008
-  .009
-  .005  
+ . 0 1 1
+ .009  
-  . 0 0 1  
-  .003





+ .009  





+  . 0 2 0  
+ .015
. 0 0 0  
+ .004  
+ .004
-  . 0 0 6  
+ .009  
+  . 0 1 0
-  . 0 0 6  
+  . 0 0 6  
. 0 0 0
+  . 0 3 0 * *  
+ .033**  
+ .013




+  . 0 0 6  
+ .O il  
-  .004
-  . 0 0 1  
+ .007  
-  .004
+ .013  
+ .015  
-  .004
+ .007. 
+ .023  
+  . 0 0 2
M + .005  
-  . 0 0 1  
-  . 0 1 0
-  .005 
+  . 0 1 2
-  .005
+ .017  




-  . 0 1 0
-  . 0 1 1  
+ .004  
+  . 0 0 2
+ .014  




-  . 0 0 2
+ .017*  
+ .004  




























-  .002  
+ .002
+ .003  
+ .002  
+ .001
-  .002  
-  .010  
+ .004
-  .002  
-  .002  
+ .007
+ .004  
-  .006  
-  .004
+ .007  
+ ,004
.000




-  .001  
+ .001
-  .017**
-  .007  
+ .006
